Linking Remote-Sensing Technology
and Global Needs: A Strategic Vision

A Report to NASA by the Applications Working Group

A Strategic Vision




<
Q.
QD
2
S
)
2
O
<
=
N
g
Q
=
S
<
~
o0
5
@«
=
3
X
]
=]
5
(4
g
2
-5
~]




CONTENTS i s e s St

LoOVerview .. ... .. 3
The Charge to the Applications Working Group . . . ... ............ 3
Focus of the Proposed Strategy .............. e 4

2. Current Applications Environment . ........................... 7

3. Recommended Program Strategy . ............................ 11
The Goal: A Strategic Vision . .............................. 11
The Objectives: Steps Toward the Goal . . .. .................... 12
Recommendations for Implementation . ....................... 13
Additional Implementation Issues . .......................... 14

4. Benefits of the Applications Strategy . . ......................... 17
Attributes of the Strategy . ............... e 17
Appropriateness of the Strategy in Long-Term NASA Plans . .. ....... 18

5. Applications Objectives . . .. ............... ... .. 21
Land Degradation Objective . ..................oiinu....... 21
Measurement and Model Requirements: Land Degradatlon .......... 22
Forest Objective .......... ... .. ... .. . . . . . .. ... 26
Measurement and Model Requirements: Forests . . .. .............. 27
Operational System Requirements:

Land Degradation and Forests . ........................... 29
Demonstration Projects: Land Degradation and Forests . ............ 31
Technology Transfer Process: Land Degradation and Forests . ........ 31
Information System Requirements: Land Degradation and Forests . . . . . 33
Recommendations . ............ ... ... ... ... ... ... ... ... 34
Nonrenewable Resources Objective . .. ....................... 35
Measurement and Model Requirements: Nonrenewable Resources . . . . . 37
Operational System Requirements: Nonrenewable Resources . ..... ... 41
Demonstration Projects: Nonrenewable Resources . ............... 42
Technology Transfer Process: Nonrenewable Resources . . .. ......... 43
Information System Requirements: Nonrenewable Resources . . . . . .. .. 44
Ocean Objective . ............. ... ... ”“r ........... 46
Measurement and Model Requirements: Ocean . ................. 46
Operational System Requirments: Ocean . . .. ................... 48
Demonstration Projects: Ocean ... .......................... 49
Technology/Methodology Transfer Process: Ocean . ............... 49
Atmosphere Objective . ............. .. ... ..., .. 50
Measurement and Model Requirements: Atmosphere . ............. 51
Operational System Requirements: Atmosphere . . ................ 51
Demonstration Projects: Atmosphere . ....................... . 53
Technology/Methodology Transfer Process: Atmosphere . .......... . 53
Information System Requirements: Ocean and Atmosphere . .. ... .. .. 55
Recommendations . ............ ... ... ... .. . ... 56

6. Information System Architecture . . ................. Baoooa.. 57
Applications Information System Architecture . .................. 57
Transfer to Applications Operators . . . ... ..................... 62
Recommendations . ............. ... . ... ... . ... ....... 63

A Strategic Vision

g‘ RFE ‘»rﬁqg“g




iv

7. Evaluation Criteria . ................. e 65

Types of Solicitations . .................... e 65

Concerns .. ... .. e e 65

Evaluation Procedures . ............. ... .. . ... 66

Applications Research Criteria . . . ............. . ... ... ..... 67

Final Criteria . . .. ......... .. i i i i 67
8. Conclusion . ......... ... ... e e 69
Appendix A:

Summary of NASA Science Program . .......................... 71
Appendix B:

Definitionof Terms ... ....... ...t 76
Appendix C:

Methodology ........... ... ... i e 77
Reference List . ........ ... . i, 80
ACIONYMS . o .ot e e e e e e e 81
Contributors and Acknowledgments . ............................ 83
Significant Achievements . ... .......... ... .. ... ... . ..., back cover

Figures BB SRR

5-1 Generic Development Process for Land Degradation Objective . . . .. ... 23
52 More Specific Developmental Steps for Land Degradation Objective . ... 24
5-3 Milestone Schedule for Land Degradation Objective . .............. 25
5-4 Milestone Schedule for Forest Objective . ...................... 27
5-5 Major Development Steps for Forest Objective . . . ................ 28
5-6 Net Import Reliance as a Percent of Consumption, 1982 ............ 36
5-7 Use of Models in Applying Remote-Sensing Observations. to

Nonrenewable Resource Assessment . ....................... 38
5-8 Relationship Between Measurement and Information Requirements

for Nonrenewable Resource Evaluation . . .. ................... 39
59 Thermal Infrared Multispectral Scanner (TIMS) Image . ............. 40
5-10 Proposed Milestone Schedule for the Strategic Material

Assessment Demonstration Project . . . . ............... ... .... 45
5-11 Ocean Resource Timeline . ............. ... ... oo, 47
5-12 Atmosphere Resource Timeline . ............................ 51
5-13 Research Task Timeline ................ ... ... ... ... .. 52
6-1 Resource Information System . .............. .. ... L. 58

6-2 Oceanand Atmosphere Information Subsystem Currently Planned Network

6-3 Ocean and Atmosphere Information Subsystem Initial Research and
Development Network . ... ......... .. ... ... . .. ..., 61

7-1 Characteristics of Public Domain and Commercial Joint Venture Proposals . 66

C-1 Process FlowDiagram ............. ... ... . i iiiiinn..n. 78
Tables : =
3-1 Some Requirements for Measurements and Modeling

for Selected Land Degradatior&’rocesses e e e e e 25
5-2 Participants in Forest Model Algorithm Development . ............. 29
5-3 Comparison of Current and Future Sensor Systems

Applicable to Strategic Material Assessment . .................. 41

Linking Remote-Sensing Technology and Global Needs:




Linking Remote-Sensing Technology
and Global Needs: A Strategic Vision

CONTRIBUTORS

L.R. Greenwood, Ball Aerospace Systems Division,
Chairman, Remote Sensing Subcommittee of NASA’s
Space Applications Advisory Committee and of the
Applications Working Group

Renewable Resources

Paul Maughan, Space Development Services, Chair
Pierre-Marie Adrien, Satellite Remote-Sensing Technology
Robert Barker, SPOT-Image Corp.

Marvin Holter, Environmental Research Institute of Michigan
Chris Johannsen, Purdue University )

Vincent Salomonson, NASA Goddard Space Flight Center

Nonrenewable Resources

Mark Settle, ARCO Qil and Gas Co., Chair

Jon Dykstra, Earth Observation Satellite Co. (EOSAT)
Robert Hopkins, Exxon Production Research Co.
James Taranik, University of Nevada, Reno

Ocean/ Atmosphere

Chris Mooers, NSTL Institute for Naval Oceanography, Chair*

William Bishop, NOAA/National Environmental Satellite, Data,
and Information Service :

William Bonner, National Meteorological Center

Robert Brammer, The Analytic Science Corp.

Information System Group

George Ludwig, Space Information Systems, Co-Chair
Richard Hartle, NASA Goddard Space Flight Center, Co-Chair
Ralph Kahn, NASA Headquarters, Code EE** ’

Terry Lehman, Geospectra Corp.

Donald Lowe, Environmental Research Institute of Michigan
John Naugle, Consultant

* Affiliation at time of Workshop, Naval Postgraduate School,
Monterey, California

** Onleave from Washington University, Dept. of Earth and Planetary
Science, St. Louis, Missouri

ACKNOWLEDGMENTS

NATIONAL AERONAUTICS AND SPACE
ADMINISTRATION: Shelby G. Tilford, Ray]. Arnold, Dixon M.
Butler, Dudley G. McConnell

OFFICE OF MANAGEMENT AND BUDGET:
Jack Fellows—Presentation to Applications Working Group

UNITED STATES HOUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE AND TECHNOLOGY:
William S. Smith—Presentation to Applications Working Group

THE MAXIMA CORPORATION: Planning, Conference
Coordination and Management, Text Development and
Editing, Organizational and Word-Processing Support—
Nancy S. Firestine, Nancy E. Brown, Patricia Kassebaum,
Theresa Schwerin, Shawna Klass, Donna LeRoux

TECHNASSOCIATES, INC., A MAXIMA. Company: Design
and Artwork—Victoria Russell, Tanya Stough, Phil Blum,Dan Bress

PAMELA DENNIS & ASSOCIATES: Planning, Organizational
Consulting, and Writing—Pamela Dennis

SCIENCE APPLICATIONS INTERNATIONAL
CORPORATION: Planning and Writing—M. Kristine Buteraand
David Okerson

SPACE DEVELOPMENT SERVICES: Technical Consulting
and Writing—Paul Maughan and Timothy Alexander

A Strategic Vision

("3




= Linking Remote-Sensing Technology and Global Needs:




Overview

-

In the scant 30 years since the first civil
satellite was launched into space, remote sensing has profoundly affected our knowl-
edge of the planet Earth—its continents, oceans, atmosphere, biosphere, and ice
cover. We have discovered a far more dynamic and complex world than could be
imagined only a few generations ago. Remote sensing is expanding mankind’s vision
of the Earth and of how our air, land, and oceans interact on a global scale. Such
interactions affect climate and provide clues to the actions that can and must be
taken if mankind is to survive and flourish—to preserve the quality of life and to
extend the food supply of an expanding world population. From satellite observations
of the Earth, we are now able to

* Make 3- to 5-day worldwide weather forecasts over most parts of the globe,
with accuracy and coverage never before possible :

* Monitor drought over large regions of the Earth, such as the African Sahel

* Measure forest fires and deforestation over millions of acres of sparsely inhabited
and wilderness terrain

* Pinpoint the bioproductive ocean areas most likely to harbor feeding fish

* Use ground tracking of satellites to verify the annual shifting of the Earth’s
tectonic plates, potentially helpful for predicting earthquakes

The extraordinary progress made in space technology has outstripped our ability
to use and apply this knowledge. The help that could be available from remote
sensing is barely being tapped on a myriad of practical issues—land management,
short-term climate forecasting, ocean resource development and management,
marine operations, urban planning, crop and forest yield predictions, oil and mineral
resources, and monitoring of desertification patterns.

The United States, with its' huge initial investment in space technology, has led
the world in pioneering the development of this field. But we are not reaping its
full potential benefit. In fact, we are now in danger of losing our premier position,
as other countries move aggressively to utilize the technology more effectively than
we are doing. As seen in newspapers worldwide, sophisticated, highest resolution
images of the nuclear disaster at Chernobyl came not from a U.S. satellite, but from
the new French commercial satellite, SPOT. Japan and India now operate their own
Earth satellites; both have enunciated a national goal of using these satellites to
exploit the natural resources of the Earth for the benefit of their countries.

\

The Charge to the Applications Working Group

Aware of the importance and enormous practical value of information now being
generated by remote sensing of the Earth, Congress directed NASA and NOAA in
the FY 1984 Authorization Act to develop a long-term strategy and plan for their
applications program “to ensure that the Nation is investing sufficiently and wisely”
in this important area. This Report presents the views and strategies developed by
a working group of technical advisors invited by NASA to plan such a strategy.
Under sponsorship of the Remote Sensing Subcommittee of the NASA Space Appli-
cations Advisory Committee, subcommittee members and other advisors participated
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The Applications Working
Group set up
subcommittees to plan
demonstration projects in
the four major
applications areas:
renewable resources,
nonrenewable resources,
ocean, and atmosphere.

during August 1986 in a week-long workshop to plan this strategic applications
approach. The group members—senior-level scientific, academic, and business pro-
fessionals knowledgeable about remote-sensing applications—represent the very
broad applications community from government, academia, and the private sector.

NASA charged the Applications Working Group with developing a draft report
that would outline a long-range, remote-sensing applications strategy for NASA’s
Earth Science and Applications Division (ESAD). This report, Linking Remote-Sensing
Technology and Global Needs: A Strategic Vision, is the culmination of the Working
Group’s activities over a 6-month period. As requested by NASA, this strategy
addresses both long-term goals for guiding NASA’s applications program and
measurable short-term research objectives for reaching these goals over the next
decade. The Report represents a strategic approach rather than a complete plan. It
is designed to provide a realistic vision for fostering remote-sensing applications,
near-term milestones to help NASA focus its priorities for research, and guidelines
for evaluating applications proposals.

Remote sensing has changed our perception of the Earth, helping us to understand
that the Earth operates as an integrated global system. But many kinds of sensor
data are not yet available to potential users. The Working Group is convinced that .
the key to expanding applications lies with access to information. Raw data transmit-
ted from space must be interpreted into-meaningful information. This requires the
development of new and improved algorithms and models, with simulated experi-
ments and field demonstrations to test the accuracy of the remotely sensed data as
compared with ground truth data. Above all, information systems must be developed
that allow users easy access to the information they need.

Focus of the Proposed Strategy

To meet this paramount need for information, the Working Group focused the
proposed applications strategy on providing information to users, rather than on
technology or hardware development. The goal of the Applications Strategy is to
develop through demonstration projects, by the end of the next decade, integrated
information systems that will allow private industry (including value-added indus-
tries), operational agencies, and scientific research communities to exploit effectively
the data taken by Earth-observing satellites.

The proposed system builds on existing or planned information systems, networks,
and computer facilities within both NASA and other government agencies. It is a
strategy designed to serve users at multiple levels, meeting the widely varying needs
of the applications community. These needs can be as simple as help with catalogs
and information extraction formulas for a company using its own models and com-
puter system. For others, the need can be for highly complicated scientific assistance
from NASA researchers with multidisciplinary, multitemporal data and four-dimen-
sional global climate models.

The Working Group selected five high-priority application topics for NASA demon-
stration projects; the data, algorithms, models, and results in each area will become
the first modules of the proposed information system. Potential applications are
many and varied: Which particular questions deserve the earliest, most concentrated
attention? The Applications Working Group set up subcommittees to plan demon-
stration projects in the four major applications areas: renewable resources, nonrenew-
able resources, ocean, and atmosphere. The objectives chosen involve the develop-
ment of new information techniques and systems to provide:

+ Global mapping of arable land degradation showing losses from erosion, salini-
zation, and desertification

+ Global mapping of forested versus nonforested areas, providing a basis for local
forest production and yield estimates

+ Evaluation of the potential regional occurrence of strategic nonrenewable raw
materials on a global basis . 1

+ Anoperational hindcast, nowcast, and short-term (up to 1 week) forecast system,
with mesoscale resolution, for such important physical variables in the oceanic
and atmospheric planetary boundary layers as wave height, surface winds, sea
surface temperature, and mixed layer depth

+ A global research atmospheric system for weekly, monthly, and seasonal values
of such climate parameters as temperature and humidity, thereby improving
the capability for global climate monitoring and prediction

To implement this Report, NASA will need to set up new institutional agreements
and relationships with other agencies and seek advice from the user community.
The Report, then, is intended to be used by NASA as a basis for developing the
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- complete NASA plan, including implementation strategies, working agreements,
schedules, and budget requirements. As an outcome of the plan, NASA is expected
to solicit applications research proposals from universities, industry, operational
agencies, and the scientific research community. This Report is intended as a strategy
to guide NASA's priorities, not as a national plan.
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Current Applications
Environment

']:e present time is ideal for developing 11 the coming decade, the

an Applications Information System. Space technology has reached an appropriate

level of maturity to warrant such a step. During the 1960s and 1970s, the United usefulness o remOtel
States made extraordinary progress in developing both spacecraft and sensors that Sensed data wll l be llmlted
permitted global observations of the Earth’s surface, ocean, and atmosphere from _

space. NASA’s research satellites Landsat and Seasat showed the enormous potential not b]/ teCthOZog y/ but by

of this technology. Polar-orbiting weather satellites became operational in 1966, and
geostationary environmental satellites were launched in 1974. user access to the dllta
The science of remote sensing has emerged and grown during the 1980s, with collected in Spb'lce .

emphasis focusing on the development of improved statistics and more sophisticated
models, particularly two- and three-dimensional numerical models. New four-dimen-
sional models reflecting time can-now be constructed, which will help us to under-
stand the interactions at such boundaries as those between atmosphere and ocean.
Advancement in computer technology, combined with satellite and in situ observa-
tions, is making possible the development of these ever more sophisticated global
models. Data management systems can now be created that are capable of handling
large quantities of interdisciplinary and multidisciplinary data.

By the 1990s, with launch of the Polar Platforms providing continuous data streams
of more than 10 trillion bits per day, it will be possible to understand and transfer
a wide range of Earth science findings into the practical domain. In the coming
decade, the usefulness of remotely sensed data will be limited not by technology,
but by user access to the data collected in space.

The decade from 1987 to 1996 will thus be a time of exciting expansion in global
data. By planning now, we can capitalize on these coming opportunities, identifying
the types of data that, if extracted and archived, would offer the greatest economic
and other benefits for potential users. Perhaps even more crucial, linkages can be
built now to ensure that needed connections between the multiple relevant data
sources are in place, ready to be tapped in the 1990s. These steps will build and
enhance the information infrastructure of remote sensing, so a range of applications
can be done.

This Applications Strategy sets up an overall framework—an information system—

> for making the entire spectrum of remotely sensed and other pertinent data more
available to the applications community. Each near-term objective defines one impor-
tant, useful area of applications information. Meeting each objective will answer the
need for research to make space-based data more meaningful in that given applica-
tions area. The information, algorithms, and models generated by the demonstrations
will form subsystems or modules in the evolving Applications Information System.
Structure of the overall information system will be driven by the specific applications
selected by NASA now and in the future. Demonstration results will be available to all
users.

Any strategies designed to maximize the data available to potential future users
will be valuable in the coming decade. But the strategy developed by the Applications
Working Group addresses—and potentially resolves—a whole series of issues that
currently limit access to data. For example, in addressing the five specific, high-prior-
ity objectives, the - Applications Strategy provides the followmg types of
assistance to users: -
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Technology of Space

MILESTONES Transfer oftechnology & Validation of remotely Increasing modeling
begins . sensed measurements | sophistication from Stationin place
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global models operational sensors)

‘Introduction of Introduction of Expansion of Period of data
technologists into scientists into applications researchers synthesis and
program program in program global modeling
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commercialization data forresource
policies for land satellites decision models
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* Identifies specific Earth science data collected by NASA research satellites—both
current and planned—that need to be accessible for the outside community as
well as for NASA mission researchers

Makes NASA research data available to the weather/climate forecast systems by
means of new h.igh-rate data links, which will be valuable initially for the meteor-
ological and oceanic operatlonal communities and ultimately for a range of end
users

Identifies specific data from NOAA operational satellites that need to be retained
and archived for both applications and research purposes

Provides access, through catalogs or direct means, to space-based research infor-
mation from the National Science Foundation and university sources

Identifies and catalogs a range of relevant data sources important for specific
applications users, such as ground-based measurements, demographic data,
and maps showing geopolitical boundaries

Provides opportunities for private firms, through shared NASA demonstration
projects, to receive needed research help from academic sources in developing
algorithms and models

Provides an ongoing mechanism by which government operational agencies,
particularly NOAA, can benefit from NASA'’s research and technological exper-
tise in such areas as development of geophys1cal algonthms and modeling of
global atrnosphenc circulation

Information, algorithms,
and models generated by
the demonstrations will
form subsystems or
modules in the evolving
Applications Information
System.
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Recommended
Program Strategy

By the mid-1990s, with the advent of the The information system
Space Station Polar Platforms carrying a combined load of research and operational ;
sensors, an avalanche of raw data will pour down to Earth. Scientists will use this Conqept 15 pe not new.
flood of information to look at such basic questions as how Earth systems operate, It szmply lTltTOduCES the
how man-made pollutants affect Earth’s protective ozone layer, and how rainfall in : . : .
the tropics affects global climate. Such knowledge has enormous long-term benefits aPPllCﬂtIOTlS ﬂg enda into

for life on Barth. the planning for NASA'’s

These data can be made available not only to scientists but to the thousands of . .
individuals, companies, and government groups who can use them. The uses are new mformatzon
legion: for the local irrigation district managing watershed problems, for the forest t
firm using a microcomputer to predict forest yields, for the shipping company con- Sy stem. . . .
cerned with both safety and fuel savings, for the fisherman hoping to increase his
daily catch. The payoff from the investment being made in space technology will
come from our ability to provide information that meets such practical needs as these.

The Goal: A Strategic Vision

The vision for the future is an Applications Information System available to all
users—whether a large government agency or a small local firm—that will afford
overall benefits for the public good and further the economic interests of the United
States. This system will provide broad and meaningful access to all types of remotely
sensed data and will involve the development of new networks, working arrange-
ments, and interagency, possibly also international, agreements.

As a first step, the Working Group proposes as its overall goal

to develop and demonstrate, by the end of the next decade, integrated information
systems that will allow private industry, operational agencies, and scientific research
communities to exploit effectively the data taken by Earth-observing satellites.

This proposed integrated system would provide not just general access to research
and operational data but would ensure that appropriate, helpful calibrations, al-
gorithms, and models are available to users. The system would also foster develop-
ment of remote-sensing products.

- The projected Applications Information System would be designed to fit as one
part of the integrated Earth sciences information system now being planned by
NASA for Eos, the Earth Observing System of the 1990s. The information system
concept is therefore not new. It simply introduces the applications agenda into the
planning for NASA’s new information system, which is expected to integrate both
scientific and operational data as well as pertinent data from other sources.

Plans were predicated on the following crucial operating assumptions:

* There will be an operating Space Station beginning in the mid-1990s.

* Roles and missions of government science agencies will remain as legislated
and as currently performed.

* Operational remotely sensed data will continue to be available.

* NASA’s Earth Science and Applications Division programs will continue to be
science-driven.

By
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In the renewable and
nonrenewable resources
areas . . . users are
expected to include many
individuals, small
companies, and university
researchers using
microcomputers.
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* The budget of NASA’s Office of Space Science and Appllcatlons will remain
relatively constant.

The Objectives: Steps Toward the Goal

Building an Applications Information System accessible to a wide range of users
needs to be done incrementally, not only to stretch out costs in the current budget
climate but, more important, to provide a chance to test and fine-tune the system
as users access information. To demonstrate the feasibility and usefulness of the
projected information system, only a limited number of high-priority applications
objectives could be selected. These objectives were chosen so that, in toto, they
would demonstrate the following important characteristics:

* Capacity to meet needs of all types of applications users, including the research
community, operational agencies, and end users (individuals, companies, the
value-added industry, government entities)

« Capacity to provide near real-time data for the operations community, slightly
delayed and historical data for researchers and end users, and related types of
data for all users

« Capacity to provide useful applications pertaining to all Earth science discipliﬁes,
particularly from land, ocean, and atmospheric sensors

« Potential for gaining useful scientific knowledge from the applications demon-
strations, deriving synergistic benefits for both science and applications

Although five applications objectives were chosen to demonstrate separate modules
and capabilities of the proposed information system, each also stands as an important
demonstration in its own right, representing critical issues of strategic and human
importance. Each applications objective is a topic of high national or international
priority, worthy of immediate and concentrated attention and capable of showing
significant potential gain from remote-sensing techniques.

For each objective, a strategy has been developed to guide NASA over the near
term. These strategies specify measurement and model requirements, information
systems requirements, demonstration projects and schedules, and technology trans-
fer objectives and recommendations. The outcomes of each demonstration—the data,
algorithms, and models—will become modules in the planned, evolving information
system. More detailed information about these strategies appears in Section 5.

Renewable/Nonrenewable Resources Objectives

In the renewable and nonrenewable resources areas where there are no large
operational satellite systems, users are expected to include many individuals, small
companies, and university researchers using microcomputers. The resources areas
depend heavily on imagery and require demonstration projects before the techniques
for extracting information can become operational. The chosen objectives focus on
the following:

* Renewable Land Resources
Define and validate by 1995 new information systems that support global map-
ping of arable land degradation every 5 years, showing losses due to erosion,
salinization, and desertification

Renewable Forest Resources

Define and ‘validate by 1995 new information techniques that support global
mapping of forested versus nonforested areas every 5 years, with local sample
mapping of forest production and yield estimates for the four major types of
forest ecosystems

Nonrenewable Strategic Resources :

"'Develop and validate by 1993 new data management systems and information
extraction techniques for evaluating the potential occurrence of strategic, non-
renewable raw materials on a global basis, specifically the chromium, cobalt,
manganese, and platinum-group metals needed to manufacture high-technology
products

These particular objectives are serving as test cases. The remote-sensing techniques
being demonstrated, if they prove successful, will be broadly applicable to other
applications. For example, four strategic raw material groups have been chosen to
test whether their potential occurrence can be shown by use of remote sensors
combined with conventional data. If the technique is successful, it can be applied to
other minerals and would presumably be used on a routine basis in the latter 1990s
after launch of the NASA/NOAA Polar Platform.

Linking Remote-Sensing Technology and Global Needs:




Ocean/Atmosphere Ob]ectlves

Regarding the ocean/atmosphere, the objectives are similar; these areas havea longer
remote-sensing history with several operational agencies already in place, such as
the National Oceanic and Atmospheric Administration (NOAA), the Navy’s Fleet
Numerical Oceanography Center (FNOC), and the Air Force Global Weather Central
(AFGWC). For these objectives, NASA will play an intermediate role by providing
gridded, dlgrtlzed data and high-rate data links for sharing computatlonal facilities
among various centers.

During the initial and demonstration phases, users will be operational agencies,
major government and university research programs, and the international commu-
nity. End users will include the commercial market for weather services, the fishing
and shipping industries, search and rescue missions, pollution management, and
the value-added and offshore industries. The following objectives were chosen for
the ocean/atmosphere areas:

* Ocean—Hindcast, Nowcast, and Forecast
Define and validate by 1995 an operational hindcast, nowcast, and short-term
(up to 1 week) forecast system, with mesoscale resolution, for such important
physical variables in the oceanic and atmospheric planetary boundary layers as
wave height, ocean surface and atmospheric temperatures, ‘currents, and surface
winds

. Atmosphere—Pour—Dzmenszonal Data Assimilation
Develop and validate by 1993 a global research’ atrnosphenc system for weekKly,
monthly, and seasonal values of such climate parameters as temperature, humid-
ity, wind components, soil moisture, ice and snow cover, prec1p1tat10n, and
surface and atmospheric albedo

The ocean/atmosphere objectives are designed to provide technical advances in
long-range weather and short-range climate forecasting capability. The strategy incor-
porates a number of new parameters, particularly wind and wave height data, that
will soon become available with the launch of the Ocean Topography Experiment
(TOPEX) and NASA'’s scatterometer (NSCAT).! The strategy uses in situ data that
will be collected by international research programs, such as the Tropical Ocean
Global Atmosphere (TOGA) program.

This objective also helps to define NASA’s ongoing technical role within the oper-
ational system, specifically in interfacing research data and in putting the data into
an assimilated data system. The interface, which occurs primarily with NOAA, is
dealt with in this report as a technical rather than a political interface.

Recommendations for Implementation

This strategic approach reflects many urgent needs expressed by potential users
of remotely sensed data. Because these users represent such a diverse, dispersed
group, they frequently remain unaware of how they could profitably use or access
such data. For this reason, the Applications Strategy needs care not only with its
content but with how it is implemented. The Working Group makes the following
suggestions to NASA for implementing the long-range Applications Strategy.

1. NASA should immediately state its intention to support remote- -sensing applica-
tions research activity and to demonstrate its commitment by issuing a call for
proposals.

- 2. NASA should develop mechanisms to involve users heavily in its R&D program
and to state this intention publicly; users should be mvolved at all stages from
inception through unplementatron

3. NASA should encourage the use of interdisciplinary data in its applications R&D
program, including support to help users and the research community as they
develop both an awareness of such data and expertise in its accession and use.

4. NASA should plan early for the overall engineering concept of the Applications
Information System, so that both the system’s initial development and its evolution
v»;ill be aligned with the needs of the individual disciplines.

5. NASA should establish an Information System Overs1ght Group representing the
disparate user community to ensure coordination, maximum usefulness, and stan-
dardization of the system design.

A Strategic Vision
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value-added and
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6. NASA should promptly address the major management issues that must be re-
NA SA needs to be assur‘ed ‘solved in order to establish an Applications Information System.

th at the services th ey 7. NASA should promptly adopt and implement the evaluation criteria contained
develop are meetin g area l herein and use it in the evaluation of the applications proposals.

neEd f Or Users . . .. Additional Implementation Issues

To implemént the applications plan, NASA will need to deal with a range of
institutional, managerial, and proprietary issues; with user attitudes; and with the
selection of applications research proposals.

Managemenf and-Institutional Issues

The remote-sensing field is complex, involving many organizations—government
operational agencies such as NOAA and Navy; the National Science Foundation;
international scientific bodies; university researchers; end users; and the commercial
sector represented by the EOSAT Company and the value-added industry. The
Applications Strategy both includes and serves all these groups, which will require
gaining their cooperation and, in many cases, setting up new working agreements.

In addition to linking the involved agencies, restrictions will exist concerning what
kinds of data can ultimately be included in the information system. The rights of
the commercial sector to sell certain types of data without unfair government compe-
tition will need to be respected. The proprietary rights of individual companies to
retain some types of information will also need to be defined and protected, often
on a case-by-case basis within the demonstration mode. Sample issues needing
NASA's attention include:

+ Institutional agreements with EOSAT regarding access to Landsat data and other
commercial issues

« Institutional agreements with operational agencies, particularly NOAA, which
would include shared personnel and facilities during the development and
technology transfer phases

+ Agreements with NOAA onretention of data from their observational systems

* Analysis to ensure compatibility of the Applications Information System with
the proposed Eos system

 Agreements to conduct ground tests pertaining to minerals on sites in foreign
countries

* Agreements for acquiring data from foreign satellites and international projects

User Attitudes

In the present constrained Federal budget climate, users—whether Federal agencies
in need of NASA research expertise or individual private companies—will be expected
to share costs or to pay for information products and services. The current environ-
ment therefore exacts close communications between NASA and the user community.
Remote-sensing services cannot be provided in a vacuum; NASA needs to be assured
that the services they develop are meeting a real need for users, that there is a viable
market, and that this service will not compete with products available from the
private sector.

The Working Group feels great concern about how important it is for NASA to
involve users at all stages in the development of the Applications Strategy. To provide

’ this interface, the Working Group recommends appointment of an oversight commit-
tee to help plan the Applications Information System initially and as the system
evolves. In addition, a separate working group should advise NASA as each demon-
stration project is set up and implemented.

Selection of Applications Research Proposals

A framework for helping NASA select participants in the demonstration phases
of the Applications Strategy has been defined with some care by the Working Group.
Participants will be selected through NASA'’s research proposal program. In a broad
sense, all applications proposals will be expected to forward NASA’s goals and
objectives as well as to meet national needs. Other questions to be addressed include:

+ Does the research represent a step forward, needed now and over the long term?

+ Will the new techniques or models be flexible and adaptive for diverse applica-
tions?

¢ Is the needed data identified and available?

:{ E :’év .
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¢ Can the proposed technology be used economically?
¢ Is the state of science in related fields sufficiently advanced to support it?

¢ Is theresearch carefully planned on a phased-in basis, with clear-cut intermediate
points for review and decisions?

Applications proposals will be divided into two categories: (1) public domain pro-
posals submitted by Federal agencies, universities, or the private sector, and (2)
commercial joint venture proposals usually submitted by private sector and university
researchers. For commercial joint venture proposals, applicants will be expected to
share costs with NASA. Criteria recommended by the Working Group for evaluating
NASA applications proposals are further discussed in Section 7.

A Strategic Vision
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Benefits of the
Applications Strategy

An inherent challenge of the U S. space

program is its dispersion. Remote-sensing operations are:scattered among:many
Federal agencies, including not only NASA but the Departments of Commerce
(NOAA), Defense, Energy, Interior, Agnculture, and. other: \

only the most advanced technological and engineering exp , —
world, but equally strong research capabilities in the Earth sciences. ‘What is: mlssmg
are the institutional and procedural links between NASA's research capabilities and
other Federal agencies, as well as access to this repository of information by outside
users.

The proposed information system prov1des a viable structure for linking NASA'’s
research strengths to Federal operational systems and to outside users. The network-
ing of the information system provides such linkage by both its nature and design.
In addition, in the planning and operating of an Applications Information System,
NASA would have a vehicle for regularly receiving the current perspectives of appli-
cations users. '

Attributes of the Strategy

Virtually all national and international bodies in the Earth sciences are now calling
for a new, mtegrated approach to studying the Earth. Within this context; a highly
significant activity is the initial report of the Earth System Sciences Committee (ESSC),
which was established in 1983 by the NASA Advisory Council. The ESSC mission,
now nearly complete, is to review the science of the Earth, to recommend an im-
plementation strategy for global Earth studies, and to define NASA’s role within
such a program. .

The proposed Apphcatlons Information System is not only consistent with ESSC
recommendations, but complements the ESSC report by focusing on specific appli-
cations issues addressed only in broad scientific terms within that document. The
global systems approach proposed by the ESSC includes the following recommenda-
_ tions to NASA, all of which form a valuable and essential framework for the proposed

Applications Strategy:

* The Earth needs to be understood as a single, interrelated system, with research
attention given to both the separate research disciplines and to how the major
geophysical domains (biota, atmosphere, and oceans) interact.

* The study of global change requires an integrated research program based on
long-term, continuous global observations of the Earth.

*"An advanced information system will be needed to enable the international
scientific community to process global data and to permit efficient data analysis,
interpretation, and quantitative modeling of Earth systems processes.

* Worldwide study of the Earth will necessitate strengthened coordination among
researchers of many countries, as well as collaborative international agreements.

NASA’s Earth systein science plan and the proposed Applications Strategy have
in common a similar program philosophy, shared observing system requirements,
a need for historical archives, and a need for access to an information system at

A Strategic Vision . PRBCEDING PAGE BLANK.NOT FiLMED
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The applications
objectives represent
shorter term, urgent
problems with
substantive scientific
content.
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multiple levels that contains algorithms and models. In applications, there can'be a
requirement for either real-time data or for the longer term, delayed-time data usually
used in scientific study. However, scientists may also benefit from access to real-time .
data that are not currently archived by the operational systems. The proposed Appli-
cations Strategy establishes particular sets of near-real-time and real-time data to be
targeted for archiving and retrieval—information of value to scientists as well as
applications users. '

Overlap also exists between the proposed applications objectives and areas of
current concern to science. Knowledge gained from the proposed applications demon-
strations can benefit scientists in all areas proposed for study, including the following:

 Land degradation—impact of varying vegetation on surface energy and the
interactions of man-land-surface processes with climate in specific biomes

« Forests—land use and biome productivity, effects of deforestation on long-term
climate

* Strategic minerals—use of remote sensing for identification of surface materials
and to provide insight into the tectonic and geochemical processes that shape
the Earth’s crust

 Ocean—issues of large-scale ocean circulation on and below the surface, includ-
ing how the atmosphere takes up heat and surface moisture from ocean surfaces
and how this affects climate

* Atmosphere (climate)—the defining of climate state and its anomalies, using
retrospective data and data delivered too late for daily forecasts

P

Appropriateness of the Strategy in Long-Term NASA Plans

The proposed applications strategy .complements the ESSC report, which will be
used to guide NASA’s long-term scientific directions. The applications objectives
represent shorter term, urgent problems with substantive scientific content. The
strategy serves to focus short-term NASA priorities and to provide a structure for
ongoing applications projects within research planning of the Office of Space Science
and Applications (OSSA).

The proposed Applications Information System offers significant advantages for
the broader OSSA program. These include the following:

* Practical assistance in guiding the evolution of the Eos information system now
being planned. The Applications Information System is a precursor to and com-
patible with the planned Eos system.

* Responsiveness to the recommendation of all NASA’s advisory committees for
an integrated data base system that can provide widely dispersed access to
multidisciplinary information for both research and applications purposes.

Experience useful in preparing instruments for the Space Station Polar Platform,
the chief vehicle for research and operational programs in the mid-1990s. Al-
though the applications objectives were not designed to justify any particular
measurement programs, the planned demonstrations do in fact require the type
of sensor measurements planned for deployment on the Polar Platform.

Identification by application users of areas where new technology or techniques
are required, which will help NASA in their advanced planning of new and
improved instruments.

Flexibility of the proposed system, as a result of its modular structure, for
allowing NASA to achieve particular goals or milestones. Timing is less important
~ than the overall concept of the approach, so that the number and schedule of
applications modules can be varied.

Adaptability of the approach to fit NASA’s budget constraints, also permitting
the shifting of priorities to take advantage of potential new applications oppor-
tunities and needs as they arise. The system can be started on a modest scale
and evolve gradually, incorporating new technologies as they become available.

Definition of an ongoing research role for NASA within the large NOAA/Navy/
Air Force operational systems; this role is consistent with NASA's legislative
mandate.

NASA'’s applications approach will also encourage and support use of remotely
sensed data by the private sector—one of NASA’s long-range goals. Individual firms
need research help to interpret data from space and to develop meaningful algorithms
and models. Such help will be engendered by ceoperative proposal efforts combining
university with private ventures. Users who participate in the program will become
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familiar with and attuned to using and merging geocoded, digitized data. This training
and experience will demonstrate the value of remotely sensed data to both individu-
als, such as geologists, and to industrial managers.

As a much broader community is introduced to the information obtainable from
space, demand for such services will increase. The demonstrations themselves, along
with later access to the information system, will enhance the commercial viability of
all remote-sensing enterprises. This expanded user base could certainly benefit the
EOSAT Company, set up to commercialize the U.S. land remote-sensing system,
and will also assist the value-added industry (private companies that market their
expertise in interpreting satellite data for specific business purposes).

A Strategic Vision

- The demonstrations
themselves, along with
later access to the
information system, will
enhance the commercial
viability of all remote-
sensing enterprises.
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Plate No. 1 This Thematic Mapper false-color
image of the Silver Bell Copper Mine illustrates
how multispectral data can be used to locate
mineral deposits. The yellow-orange band
running from top to bottom at the center _
encompasses an area believed to contain large
surface concentrations of iron oxide and clay.
CREDIT: JET PROPULSION LABORATORY
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1979

1980

| 1981

1982

1983

Plate No. 3 Movement of heat by winds and ocean currents over the globe plays animportant
role in changing weather and climate patterns. Tropical Pacific sea-surface temperature patterns,
averaged over each Januaryfor 5 consecutive years, are shownin these Scanning Multifrequency
Microwave Radiometerimages. Note the striking absence in 1983 of the cooltongue of water (in
blue) normally found along the equator. The 1982-83images reflect the strongest El Nifio.of this
century. CREDIT: SEA SPACE i
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Plate No. 4 A perspective view generated from
SIR-B data of Mt. Shasta, one of the Cascade
volcanoes located in northern California, is shown
here. Two stereo SIR-B images of the 14,000-foot
mountain were combined to create a digital
topographic map, which was then used to
reproject one of the images into the scene that
would have been seen by a camera located in an
aircraft at 20,000 feet. The colors are proportional
toradar brightness, from dark green (radar dark),
through pink, to white (radar bright). The relief has
been exaggerated by 50% in this view.

CREDIT: NASA

Plate No. 5 This image of Nairobi, Kenya, and
the surrounding countryside was taken by

Landsat TM (bands 7, 4, 3) on August 27, 1984.

The green areas are vegetation.

CREDIT: ENVIRONMENTAL RESEARCH INSTITUTE OF
MICHIGAN
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Plate No. 6 The images shown here were
derived from the High Resolution Infrared
Sounder (HIRIS) and the Microwave Sounding
Unit (MSU) on board a NOAA polar-orbiting
weather satellite. By measuring the radiation from
the atmosphere and the Earth’s surface, these
sensors can monitor month-to-month and
year-to-year changes in global surface tempera-
ture.

(Top) This photo, taken in January 1979, shows
the extreme cold (blues and greens) being
experienced in the Northern Hemisphere (—30°C
[—22°F] in Siberia and Canada; less than 0°C in
the northern United States) and the summer
temperatures in the Southern Hemisphere 20°to
30°C [68°to 86°F]. Generally in the subtropics of
both hemispheres, ocean currents cause the
western sides of the oceans to be warmer than
the eastern sides.

(Middle) Taken in July 1979, this photo shows the
warming of the Northern Hemisphere (10°to 20°C -
[50° to 68°F]). Note the hottest areas, equatorial
Africa and India, contrasted to the colder
Himalayan Mountains. At this time of year in the
Southern Hemisphere, Antarctica is much cooler
than the Arctic Circle.

(Bottom) This photo depicts temperature
differences between January and July. As can be
seen from the dark blue and brown, the greatest
warming and cooling occurred over land: up to
30°C changes in both hemispheres. Ocean
temperatures, by contrast, rarely increase more
than 8° to 10°C (14° to 18°F).

CREDIT: JET PROPULSION LABORATORY

Plate No. 7 This image made by the Space
Shuttle Discovery captures the first paired
typhoons photographed from space, Odessa (left)
and Pat (right).

CREDIT: NASA
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Plate No. 8 Sea-surface winds affect the
exchange of heat between the atmosphere and
the ocean. Past observations of marine winds
have been collected by ships and have therefore
been limited in both area and number. This Pacific
Ocean segment of a global windfield map for
September 6-8, 1978 was produced from
measurements derived from the radar scatterome-
ter (arrows shows wind directions; large arrows
indicate greater wind speed).

CREDIT: JET PROPULSION LABORATORY

Plate No. 9 Major changes in land conditions
over May 10toJune 13, 1979, are shownin this
geometrically corrected image of California,
derived from the Coastal Zone Color Scanner.
Land condition changes include reduction in snow
pack (dark blue), senescence of green grassland
vegetation (orange-yellow), and wildfires (black
within the colored part of the illustration).

CREDIT: ENVIRONMENTAL RESEARCH INSTITUTE OF
MICHIGAN
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Plate No. 10 Coastal surface waters offshore, where there is an upwelling of cooler subsurface water, are among the most productive ocean regions
for harvesting fish. Satellite ocean color measurements have been used successfully to map distribution of chlorophyll and other colored substances.
These satellite images, taken 8 hours apart, represent phytoplankton chlorophyll pigment concentrations (left) (higher concentrations are shown in reds

and yellows, lower in blues and greens) and west coast sea-surface temperature (right) (cooler temperatures are in violets and blues, warmer in yellows

and reds). Images were derived from infrared temperature readings of the Advanced Very High Resolution Radiometer and from ocean color
measurements of the Coastal Zone Color Scanner.

CREDIT: JET PROPULSION LABORATORY

A Strategic Vision




Plate No.12 This Thermal infrared Multispectral
Scanner (TIMS) image illustrates how multispect-
ralimagery can be used to remotely discriminate
different types of rock on the basis of their silica
content. The bright blue areas at the top of the
image are volcanic basalts, the purple area near
the center of the image contains various
metamorphic rocks, and the magenta area atthe
bottom is composed of sand dunes. This TIMS
image was obtained in southern galifornia and it
has proven particularly useful for differentiating
various types of rocks that outcrop in the
metamorphic terrain in the center of the image.
CREDIT: JET PROPULSION LABORATORY

IMAGE SPECTRA

KAOLINITE . BUDD STONITE
ALUNITE ALUNITE

Plate No. 11 Many narrow, contiguous spectral bands of the Airborne Imaging Spectrometer can
reflect minerals on the ‘ground. Accurate mineral maps can be produced in seconds from such
images and their derived reflectance curves.

CREDIT: JET PROPULSION LABORATORY
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Applications Objectives

Important, concrete advances can be
made relatively quickly in the practical use of remotely sensed data. To demonstrate
the usefulness of remotely sensed data over the near term, the Working Group
selected topics in the four major sectors serving the user community: renewable
resources, nonrenewable resources, ocean, and atmosphere. Of the myriad possible
questions that could be addressed by global data, the Working Group decided to
focus plans on five objectives: land degradation; global forest distribution and local
forest production/yield estimates; occurrence of strategic mineral resources; ocean
hindcast, nowcast, forecast system; and atmosphere (climate) four-dimensional (time)
data assimilation. Selection of these objectives was based on the following criteria:

* Size of the geographic area affected
* Populations affected

* Economic importance

* Importance to human survival

* Political acceptability

* Probability of achieving results

Each topic requires the collection of data, development of algorithms and models,
in situ testing and demonstration, and transfer to users. All make use of both existing
remote-sensing instruments and of experimental new instruments planned to be in
use by the mid-1990s. By 1996, the outcome of these projects—the tested data,
algorithms, and models—will be available to users as modules in the planned, evolv-
ing information system. The architecture of the integrated Applications Information
System is based on the configuration of the four subsystems that will result from
the demonstrations.

An applications objective is defined as a statement of what is to be accomplished
in terms of quantity, quality, and time. In the operational definition adopted by the
Working Group, quantity refers to how much of what is to be done, quality means
within what parameters or caveats, and time refers to when the applications objective
will be accomplished. '

RENEWABLE / NONRENEWABLE RESOURCES

With regard to potential renewable resource problems, land degradation and forests
were selected as the two major categories in which specific, quantifiable issues of
practical value would be addressed. These two areas were selected on the basis of
the criteria presented above.

Land Degradation Objective

Define and validate by 1995 new information systems that support global mapping of
arable land degradation every 5 years, showing losses due to salinization, desertification,
and erosion, with an accuracy to within 10 percent.

The issue of land degradation is crucial to human survival; it is a problem affecting
vast geographic areas and the food supply of millions of people. Land degradation

A Strategic Vision
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The ever-increasing
demand for arable land
requires intelligent and
economic resource
management. Remotely
sensed data . . . can
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[etc.] of land degradation
and thereby lead to
improved methods of
resource management.
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can be attributed to several processes: strip mining, acid rain deposition, flooding,
erosion (due to wind and water), salinization, urbanization, and desertification,
among others.

For purposes of this report, arable land is defined as all lands that can support
and sustain the production of food, fiber, and energy resources. As the population
expands, the need increases for arable, productive land. However, along with popu-
lation expansion comes a decrease in land areas. The ever-increasing demand for
arable land requires intelligent and economic resource management. Improved

‘knowledge is needed of what and where arable lands exist and how these lands can

be preserved and developed to provide optimum production capability. Above all,
the recovery time for seriously degraded land is decades, if not longer, and recovery
can be enormously expensive.

Within the past 10 years, the lack of new arable lands—coupled with the loss of
arable land through land degradation, specifically through salinization, desertifica-
tion, and wind and water erosion—has caught the attention of land improvement
managers and policymakers worldwide. Millions of dollars are being spent to develop
water resource projects for land improvement and to fight the problems of salinity,
desertification, and other forms of land degradation. P

The amount of soil taken out of production by salinization is increasing each year.
Globally, it is estimated that salt-affected regions of the Earth exceed 950 million
hectares. More than one-third of these areas are located in the Western Hemisphere,

mostly in the United States, Mexico, Peru, and Argentina. Failure to maintain an.
adequate balance between the amount of water used and soil drainage, which affects =~

water quality, may allow an excess of soluble salts or exchangeable sodium to accumu-
late in the soil profile, causing soils to become unproductive. It is well known that
many ancient civilizations (e.g., Mesopotamia) were destroyed by salinization of
fertile areas, which caused the formation of deserts.

Desertification has been linked to the following causes: population pressure, includ-
ing activities associated with increased population such as excessive harvesting of
the land; changing animal grazing patterns or intense overgrazing; regional and
global climatic changes of natural origin or induced by human activities; and inunda-
tion by drifting sand.

It has been estimated that erosion causes two pounds of soil to be redistributed
for every pound of maize grown. Not all of this soil is lost; it gets redistributed. For
example, in Missouri about 20 percent of the soil is eroded into the waterways; the
remaining 80 percent is redistributed on the fields and associated lower land areas,
causing sediment-related changes. However, the total accumulated losses from that
20 percent and the associated reduction in productive arable land are enormous. The
extent of this erosion phenomenon and its causes must be understood if an expanding
population is to be supported.

Erosion not only reduces arable land, but causes siltation in rivers and lakes and
subsequently reduces water quality. Soil erosion is primarily generated by strong
winds blowing over dry soils or by rainfall over sloping lands. The parameters
affecting soil loss and their relationships are presently represented in the universal
soil loss equation for water erosion and by the wind erosion equation. Extreme
examples of erosion are the Midwest dust bowl of the 1930s and the current situation
in the Nepal mountains. Current models or algorithms, such as the universal soil
loss equation, are either quite site-specific or lack precision and need to-be improved.
An improved soil loss equation to estimate water erosion in different geographic
areas currently is being tested by Department of Agriculture soil scientists and en-
gineers.

Remotely sensed data such as Landsat Thematic Mapper (TM) and SPOT Pan-
chromatic and Multispectral Scanner (PN and XS) data, combined with spectral,
spatial, field, and laboratory measurements, can facilitate the monitoring, quantify-
ing, and forecasting of land degradation and thereby lead to improved methods of
resource management. Development of an improved information system will allow
resource managers to quantify land degradation accurately and precisely. The risk
of failure is small, because spaceborne systems are well suited to monitoring land
cover and quantifying its areal extent.

Measurements and Model Requirements:
Land Degradation

In defining measurements and model requirements, the Working Group selected
three causes of arable land degradation from those listed in the previous section:
salinization, desertification, and erosion. Salinization has been chosen to illustrate
the process of development, demonstration, and technology transfer needed to meet
each objective, as well as the development of an information system. However, for
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each type of land degradation discussed earlier, the development of techniques and
testing needs to be repeated to fully achieve the objective for overall land degradation
applications.

Figure 5-1 depicts the overall process envisioned for achieving and updating the
land degradation monitoring and quantification objective. As can be seen, users
must be involved as early as possible to define realistic and reasonable requirements.
Once the requirements are established, the process will involve defining test sites;
developing algorithms for identifying, delineating, and quantifying degraded land;
compiling data bases; and formulating models of degradation processes. Users should
be included in the development of demonstration projects that will encompass gradu-
ally larger regions, as well as in the development of tools and techniques. As new
technologies and new mandated requirements are developed, the process will need
to be repeated. This is the reason for a feedback, return, or iterative “loop” in Figure
5-1.

Urbanization

‘Mining

Climate Change

New Legislation
ERS-1, -2
Eos
LOS/MOS ‘
SPOT-3, 4
Computer/Database

Capability

Figure 5-2 illustratesthow the land degradation objective would be achieved in the
next decade. It illustrates one sample degradation process and should be repeated
for each process included in the decadal demonstration. To achieve a substantive
and convincing demonstration, the projected-information system should include, in
priority order, salinization, desertification, and erosion over the next decade.
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- . K - Figure 5-2
More Specific Developmental Steps for Land Degradation Objective

Figure 5-3, a milestone chart, more precisely depicts the timing of needed steps
over the next decade. As its major points, this figure shows an information system,
to be exercised at the test site level, that pulls together remote-sensing maps of
degraded land, a data base including remotely sensed data and in situ data, and
models that make use of these data. The test site exercising of the information
system(s) should occur in 1990-1991. This information system(s), depending on
whether one, two, or three of the processes were included in the development
activity, would be exercised on a large region basis (e.g., a state or small nation) in
the 1991-1993 period and on a national basis in the 1993-1995 period. In these latter
stages, it will be imperative that the most effective and efficient use possible be made
of existing information systems. _

Table 5-1 is a compilation of data type, data volume, measurement or mapping
accuracy, and model development requirements. The principal remotely sensed data
will come from the Landsat sensors (Multispectral Scanner [MSS], TM, and possibly
a wide-field-of-view sensor on Landsat-6 and -7), SPOT sensors (again including a
wide-swath multispectral instrument that may be available on SPOT-4), and the
NOAA Advanced Very High Resolution Radiometer (AVHRR) and improvements
of that sensor. Much auxiliary data will be involved, and it is envisioned that a
directory/cataloging capability will exist in the 1993-1995 time frame. The directory
will be supported by a network that allows the required data to be acquired, stored,
or compiled, permitting the Land Degradation Information System(s) to monitor,
quantify, and forecast the evolution of arable land status on a national level.
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Figure 5-3
Milestone Schedule for Land Degradation Objective
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Desertification
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Climate conditions/change

Higher resolution imagery with
ground observations

10° Pixels -10%
10-15 variables

Landsat -6 & -7, SPOT, ERS-1

Climate conditions/changes
Population—human & animal
Soil types

Wind erosion

Overgrazing

Cultural practices

Historical imagery

Visual observation of
loss of vegetation

Automate, quantify the
areal extent

Determine degree and intensity
of desertification

Predict and take
corrective action

Salinity

Landsat, SPOT
1:100,000; 1:24,000
Determined by sensors
Late spring/late summer
Annual

Loss of vegetation
_Soil brightness (albedo)
Irrigated: saline water
Water table fluctuation

Higher resolution imagery
with ground observations
Soil samples

10° Pixels -10™
10-15 variables

Landsat -6 & -7, SPOT

Water table depth
Soil

pH

Electrical conductivity
Irrigation practices
Water quality
Historical imagery

Brown or patchy
Low-quality vegetation

Provide early automated
detection so corrective
measures can be applied

Monitor progress and
success of restoration

- Erosion

Landsat, SPOT, ERS-1
1:100,000; 1:24,600
Determined by sensors
Late spring

Annual

Decrease of vegetation
Univeral Soil Loss Eq. USLE
Vegetation vs. topography

Higher resolution imagery
with ground observations
Physical measurements

10° Pixels -10*
10-15 variables

Landsat-6 & -7, SPOT, ERS-1

Soil -
Topography
Vegetation cover
Climate

Historical imagery

Sediment in rivers and lakes
Gullies
Slides

Identify and assess degree
of erosion in annotated
procedures

Provide maps and statistical
data for corrective
structures or practices
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1t has been estimated that
in the United States
alone, the demand for
wood products will
increase threefold from
1970 to the year 2000.
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User involvement and cooperation are essential to this process. NASA should not
and cannot carry out this objective and process without user involvement. NASA
can, at a minimum, keep user groups informed about the characteristics of new
scientific information systems so that they can access these systems.

To complete the demonstration successfully, the cost and requirements for new
resources must be carefully considered, particularly in the case of Federal agencies,
where funding and personnel resources are typically fixed or can only be altered
very slowly (e.g., on a 3- to 5-year interval. In essence the proposed information
system should be assimilated into existing or already planned systems with as little
disruption as possible. Little new technology is likely to be needed, but new or improved
algorithms, models, and associated procedures will require effort and attention.

Forest Objective

Define and validate by 1995 new information systems that support global mapping of
forested versus nonforested areas every 5 years at scales of 1:1,000,000 with 1 km
accuracy, and local mapping of forest production and yield estimates every year at scales
of 1:24,000. The local mapping will cover five 1,000-acre sample locations in the United
States. It will provide 20 percent improvement in accuracy over current techniques for
conifer, uplands deciduous, wetlands deciduous, and mixed conifer-deciduous stands of
trees. )

The role of forests in our environment needs to be better understood. Forests affect
the distribution of precipitation, local and regional energy balances, atmospheric
cycling of carbon and nitrogen, and disposition of water through loss by evapotrans-
piration and surface runoff. Forests therefore have an extensive impact on a range
of key environmental elements—soil, weather, temperature, wildlife, erosion, and
cleansing of carbon dioxide from the atmosphere. These impacts must be more
precisely and accurately quantified so that they can guide and be persuasive in a
multitude of forest resource management decisions; these decisions usually involve
questions with large economic and social implications.

On a pragmatic level, forest yields matter for human survival and quality of life.
Wood is a significant worldwide source of both fiber and fuel; it is a source of energy
that can be renewed. In short, extensive and accurate information systems must be
implemented to meet these challenges.

Important central questions concerning forest environments can be answered by
using current remotely sensed data. Existing data sources are capable of providing
global maps that distinguish forested from nonforested areas with considerably
greater accuracy than is available by other currently used techniques. Global mapping
over two seasons—summer and winter—when repeated at 3- to 5-year intervals,
would provide a standard for measuring and monitoring change in global forest
distribution. This global mapping and updating from space would highlight, for the
first time, world forest distribution and how it is changing.

Such global data would also support the local mapping of vegetation production
and yield estimates, an issue of concern to U.S. operational groups such as the
Department of Agriculture Forest Service, local governments, national and interna-
tional forest industries, and the scientific community.

The ability to make improved local production estimates, at different latitudes, of
forest yield by canopy type and density would have enormous significance not only
for the U.S. timber industry, but for a wide range of users globally. Among the most
prominent would be U.S. operational groups, local governments, nationally and
internationally based timber companies, and the scientific community concerned
with the quality of the environment.

Accurate estimates of forest yields, quantifiable by type and density of canopy,
would be of major scientific and practical importance. On both a local and global
scale, we need to understand and evaluate the influences of changing forest vegeta-
tion on other environmental properties. For example, massive deforestation of the
Amazon Basin in Brazil is causing local climatic changes and may be having significant
influences on global climate patterns. Making global forest comparisons at planned
intervals will help determine the rate at which forest growth is changing and affecting
other environmental properties.

Wood and wood products production are areas of major economic importance for
the United States. It has been estimated that, in the United States alone, the demand
for wood products will increase threefold from 1970 to the year 2000. At the same
time, available land for producing timber is decreasing at an alarming rate. Urban
expansion and clearing of lands for uses other than forest regrowth head the list of
reasons for this decline. The challenge for forest managers worldwide is to meet this

" increased demand in the face of a shrinking land base. This can be done only through
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more efficient use of lands and a greater interest by forest management worldwide.
Improved yield estimates would support U.S. timber companies as a strong and
competitive industry, as well as improve the planning capabilities directed at timber
management and growth. .

Measurement and Model Requirements: Forests

Annual forest type mapping and information pertaining to the volume, density,
and productivity of local forest conditions is a logical site-specific subset of a global
forest distribution mapping program. Both result in products from common data
sources and support each other in an updating and maintenance situation. Many of
the spaceborne and nonspaceborne data sources are already in place; however, the
means to access and utilize them for the most part are not. What will be required
are the definition and development of algorithms for cataloging and retrieval. A
general timeline for achieving the stated objective is outlined in Figure 5-4.

YVVYVVY

*High F Imagi P and Sy Aperture Radar
** Testing consists of verification by ple data sets g from g d level sites.

Data Acquisition and Measurements

The global map objective will provide, among other things, a basic index for
site-specific investigations with regard to forest cover. For such broad area averages,
AVHRR will be used because of cost, speed, and the level of detail required; (viz.,
forest/nonforest). To the degree possible, selective forest cover maps representing
global forest conditions will be digitized and entered into the information base. It
should be recognized, however, that such a global map has never been generated
at the level of accuracy required and that existing maps are not all-inclusive nor
current with regard to the present situation. Low polar-orbiting satellites, such as
Landsat and SPOT, will be used to subsample the scene and to verify and correct
the cover maps. In support of this subsampling activity, the High Resolution Infrared
Imaging Spectrometer (HIRIS) and Synthetic Aperture Radar (SAR) systems should
be employed when brought on line in the early 1990s.

In addition to forest cover training and definition, maps will be required to overlay
geopolitical boundaries and to provide suitable annotation where available. Gridded

A Strategic Vision
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AVHRR, Landsat, and SPOT references can be provided along with locations of the
individual sample scenes. Such an integrated data base will provide an important
reference catalog of worldwide site-specific locations. Quick-look capabilities would
provide scene quality and location verification. For such a global forest map to be
viable, provisions for updating and maintaining this map in a 5-year cycle must be
provided. The initial map, therefore, must be as precise and accurate as possible,
commensurate with the resolution of the data. .

Space data collection platforms are in orbit for AVHRR, Landsat, and SPOT, and
acquisition can begin in 1988 upon definition of requirements. The general flow of
activity is illustrated in Figure 5-5. Two sets of data are required: leaf on, leaf off
(summer/ winter), and considering regional cloud difficulties, 2 years are provided
to acquire the basic imagery data set. Concurrently, representative map bases will
be gathered, digitized, and entered into a geographic data base.

Figure 5-5
Major Development Steps for Forest Objective

Updated
| Gilobal Map

- Develop Local Estimate | | Revise Algorithm - Demonstration of
- | Algorithms | First Report | Develop Models Global/Local
- o Mapping Capability

Concurrent with the global map generation and the associated archive and catalog
activity, data will be ‘collected on site-specific areas for quantification of volume,
density, and productivity parameters. Unlike the global forest cover map, the site-spe-
cific work will be more algorithm/model than data oriented. These algorithms/models
will be developed around the relationships and correlations existing among volumet-
ric, crown density, and productive growing sites, and spectral responses and class-
ification results. These must be developed within the confines of categorical and
standard statistical bounds so that proper statements of precision and accuracy can
be applied to the results.

To achieve maximum control in establishing these procedures, five sites—1,000
acres each—will be selected from the temperate forests of the United States. Data
will be collected by Landsat or SPOT over all five sites annually for 3 years, providing
replication in both time and space. Modifications and changes resulting from the
initial measurements will be incorporated, and another 3-year annual replication of
data will be gathered to provide revised estimates. Collateral with satellite data
collection, selected aerial photographs and supporting field measurements will be
made to test the procedure. Required field data collection is expected to be a systematic
sample from fixed radius plots that will be documented and entered into the geo-
graphical data base.

Because of the wide number of species associations in the United States alone,
any procedures will necessarily be generic. As such, only broad species groups will
be used: conifer, uplands deciduous, lowlands deciduous, and mixed conifer-decidu-
ous. Geographic referencing is essential for quantitative estimates. Mapping scales
of 1:24,000 will be required. However, the base cartographic input could well be
from the 1:100,000 map series of the U.S. Geological Survey. Volume estimates and
yield predicﬁons are stated in terms of quantities (cords, board feet, cubic feet, or
tons) per unit area. Equally critical is the proper assignment of area to those unit
area values to arrive at accurate totals.
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Algorithm and Model Development

Ground-based algorithms and models pertaining to growth and yield are available
in many places. In those areas where they are not available, it will still be considered
a ground-based activity involving ground measurement and historical data.

The model development needed should allow identification of measurements from
space. This would include leaf index and canopy closure models. In addition, much
work must be accomplished in the area of information management technology,
including merging of disparate data bases, categories, access, and retrieval. What is
needed (and is not necessarily proprietary information except for several exceptions)
is the methodology for information extraction. Table 5-2, although not all-inclusive,
suggests the distribution of effort. '

Activity Developer

Forestry applications do not require a large and complex information system.
Strong academic support to the forest service industry is needed. Further, in some
areas where no proprietary questions exist, combined efforts by a triumvirate of
NASA, universities, and the private sector could be very effective.

- The establishment of reliable quantitative, predictive techniques, along with the
organizing and managing of associated data bases, are prerequisite steps toward the
development of viable expert systems in forestry.

Operational System Requirements:
Land Degradation and Forests

The operational information system that will evolve for land degradation projects '

should effectively serve the multidisciplinary needs of government agencies and the
private sector. The requirements of these groups will be similar in terms of format
and accuracy but different in the areas of data cost, delivery time, and quality. Users
should be involved in all phases of the project to ensure understanding and commit-
ment.

Operationally, a single production facility should suffice to map global forest dis-
tribution. The users will be distributed among national governments and the private
sector, but they will use the final product without being involved in production.

For wood volume estimation, users will be the same as for global forest mapping.
However, users will be working in their own individual areas. A large number of
production facilities will be privately owned and will maintain proprietary informa-
tion. The information systems of these production facilities will be integrated with
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the overall organization management information systems. These systems will be
significantly different from each other because of the different needs and management
structures of the user organizations. ‘

User requirements. The operational system for land degradation should facilitate
data delivery in different scales and formats. Scales as large as 1:24,000 may be
required, and scales as small as 1:5,000,000 may be quite useful for gaining a national,
continental, or global estimate. About 300 Landsat TM scenes will be required for
the United States; about 2,000 scenes will be needed globally.

For global forest distribution, not more than 200 AVHRR partial scenes per year
will be required, half in summer and half in winter. In addition, 20 TM or SPOT
scenes, 1 summer and 1 winter, will be required over the 10 sample sites; these
would establish forest versus nonforest signatures to be used in classifying data in
the AHVRR scenes. Beginning in the mid-1990s, these scenes should be augmented
by annual equivalent amounts of HIRIS and SAR data to be used for the same
purpose. When available at each of these sample sites, descriptions based on ground
visual observations of the vegetative cover types will be required. Digitized maps
containing topography, climate, and political boundaries at a scale of 1:5,000,000 will
be required for merging with the satellite data.

For wood volume estimation at five selected local U.S. sites, one winter and one
summer, one TM or SPOT scene from each site will be required. Beginning in 1992,
equivalent amounts of HIRIS and SAR data should be added if available. Twice
yearly, summer and winter, Airborne Imaging Spectrometer (AIS) data will be re-
quired over a 1 square mile subsite in each of the five sites for signature generation
and for algorithm and model development. For each site, topographic maps with
5-foot contours will be required as well as mean climate data.

Data delivery. A reasonable time frame of about 30 days would be judged adequate
for timely data delivery. Available data would include temporal data reflecting the
periodic seasonal changes inherent to erosion, salinity encroachment, and the ad-
vance of desertification.

Ground measurements of wood volume will be required annually for assessing
the accuracies of the remote-sensing methods. Forest distribution and wood volume
estimates will be made only once per year.

Computational resources. For land degradation projects, long lifetime data storage
will be required. The computational facility should include the use of VAX and
micro-VAX computers, minicomputers, floppy disks, and the contemplated new
generation of optical disks. Information systems must be compatible with microcom-
puters so that individuals and small users can access the information system and
use it effectively and economically. Neither the volumes of data, the model com-
plexities, nor the classification/data processing requirements call for large mainframe
computer facilities.

For the global forest distribution and the wood volume estimation activities, the
computerized capability will need to be the equivalent of a VAX 11/780 with such
suitable accoutrements as work stations, digitizing equipment, light tables, photo
lab facilities, and a map printer.

Communication. The deployment of a network of data base systems would enhance
the speed and quality of data acquisition and transmission when speed is required.
Data collection platforms may also be part of the network. NASA’s experience with
the Program Support Communication Network and the Space Physics Analysis Net-
work, which have both a high rate and speed of data delivery, should be built upon
to strengthen the operational communication network. The Pilot Land Data System
experience is and will be instructive.

Ancillary data sources. In addition to remotely sensed satellite data, the land degra-
dation information users will need data from other sources. For desertification appli-
cations, data are necessary on human and animal populations. Linkages to interna-
tional relief organizations will provide estimates for areas where hard data are not
available. Pointers to the locations of these estimates should be provided through
the integrated information system. Such organizations as the World Resources Insti-
tute already have established contacts with other organizations working on land
degradation tasks; these organizations should be consulted in establishing data base
contacts. .

Data will be required on climate conditions and changes, topography, soil types
and characteristics, and diverse cultural methods of animal production. In addition,
historical images and photography of the study areas will be most valuable for
interpreting some causality factors.
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Training. No unusual training needs beyond those presently available are foreseen,
except for the possible need to introduce users to new data types as advanced sensors
become available. The information system should be PC compatible, and training
should be directed toward those systems. Background will be required in remote
sensing, data processing, and management information systems that are appropriate
to the users’ types of business. This expertise is presently available.

Cost. For land degradation, the cost for acquiring and analyzing the Landsat scenes
is estimated at $1.5 million every 5 years for U.S. studies and $10 million for global
studies. The potential near-real-time availability of spaceborne remotely sensed data
will affect the efficiency of commercial and government operations, which should
have an impact on operations costs.

For global forest mapping, the production installation cost estimate is approxi-
mately $10 million with an annual operating cost of between $1 and $5 million. Part
of this sum will be recoverable from map sales, but a portion would need to be public
monies expended for public purposes. Some of the needed amount may come from
funds presently appropriated for public purposes by other, less-efficient methods.

In the case of wood volume estimation by many individual user organizations,
the remote-sensing-related part of the operation will be submerged in the organiza-
tions’ overall data and information management systems. Each system may differ
substantially from the others; therefore, it may not be possible to extract from these
" an average acquisition and operating cost for the wood volume estimating activities
alone.

Demonstration Projects:
Land Degradation and Forests

To ensure that the applications objectives are successfully met, it is crucial that
users participate with NASA in every step of the demonstration project. Although
no standard method can be proposed to reach these objectives, it is highly desirable
that both NASA and the user maintain a high level of technological compatibility
throughout the implementation of the demonstration project. The following reasons
justify the need to achieve compatible technology:

* Procedures used to generate information must not exceed the capability of the
user’s infrastructure to produce similar information when NASA's involvement
terminates.

* Adoption of the technology by the user in an operational mode will be based
essentially on the user’s ability to produce technically and commercially useful
products as a result of having participated with NASA in the design and execu-
tion of the demonstration project.

The principal users will be government (e.g., U.S. Department of Agriculture
Forest Service, Soil Conservation Service, and U.S. Agency for International Develop-
ment) and private commercial organizations. Other important users will be the World
Bank, the InterAmerican Development Bank, the African and Asian Development
Banks, U.N. Food and Agricultural Organization, and other international and regional
agencies.

Technical success and operational success are two criteria for measuring a successful
demonstration project. The vitality and dynamism with which the user organization
continues to make use of the technical processes, in the absence of NASA’s valuable
inputs, would be the key indicator of achievement.

A forestry demonstration project aimed at producing a global map would be carried
out annually over 6 consecutive years. Erosion measurement may be required every
2 to 4 years, a general assessment of erosion every 5 years.

A global land degradation map would be produced by 1990 at a scale of 1:5,000,000
to delineate areas without vegetation, and annually thereafter, a map of sample sites
of 1:24,000 to 1:100,000 would be generated. Such maps would be updated annually
for 5 consecutive years to test the stability of the results and to pinpoint significant
changes.

Technology Transfer Process:
Land Degradation and Forests

Technology transfer is a complex and sometimes difficult process having technical
and nontechnical problems. The technical part of the process requires the involvement
of all user organizations in all levels of the applications development and demon-
stration programs. The nontechnical programs frequently are more difficult. Public
and commercial organizations will need to integrate remote-sensing systems with
their overall management systems, and accommodations in both will be necessary.
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Both public and private organizations have needs for secrecy and for the withhold-
ing of certain proprietary information from public disclosure. Commercial organiza-
tions need such secrecy to maintain their competitive economic positions. Public
agencies need this for reasons of competition among nations, national security, and
to avoid giving some private organizations unfair access to data not yet generally
released . An example of the latter is the confidentiality accorded the U.S. Department
of Agriculture’s crop yield estimates prior to general release.

Land Degradation

In the case of the land degradation objective, the principal users of the information
system developed will be government agencies at the Federal, State, regional, and
local (e.g., an irrigation district) levels. These agencies will be supported by commer-
cial entities that in many cases will contract with the government to provide land
degradation studies or supporting data. The commercial entities, in turn, may want
to use the information systems developed to study land degradation by remote
sensing, or they may want to incorporate successful parts of information systems
developed in a demonstration mode into their own existing data systems.

Given these realities, it should be understood that any information system, or
portions thereof, will be adopted by users if it can be assimilated easily into their
existing information systems with minimum disruption. Only in relatively rare cases
where a highly probable large profit can be made, ready cash is available, or new
funding can be identified, will it be either permissible or possible for users to make
large changes in their systems and assume costs for equipment, new personnel, or
heavy training expenses.

NASA, in developing any information system, should be cognizant of these con-
ditions and the requirement for easy access to any NASA system developed to
support related science efforts as well as access to demonstration systems developed
for other agencies or applications.

NASA'’s primary role should be that of expeditor and facilitator of the transfer
process. NASA should not develop an information system independently and then
attempt to sell or give it to the user. This process rarely works in either the short or
the long term.

In developing the land degradation information system, it seems essential that the
Soil Conservation Service and Agriculture Research Service be involved. Because of
the Soil Conservation Service’s responsibility for the National Resource Inventory,
the U.S. Department of Agriculture must endorse or be a part of this applications
objective if it is to be an unqualified success.

Representative users involved in land degradation monitoring and quantification .
must be brought into the applications systems development process at the earliest
stages (e.g., conceptual and design phases) to ensure transferability and avoid failure
both on a programmatic and on a technical basis. Many requirements and decisions
must be made during these phases about test sites, models to be enhanced or de-
veloped, and data base design.

Forests

The problems in transferring technologies to user agencies and organizations are
somewhat different in global forest distribution mapping, compared with those in
wood volume estimation. This is because of the importance of proprietary information
in the latter and the natural differences in the areas involved. The two areas are
therefore discussed separately.

Wood volume estimation technologies are of interest to private organizations and
to governmental agencies. Wood volume estimates will be performed in the existing
data and information systems of the individual organizations and agencies. As such,
these systems will be devoted to all functions of the organization, including wood
volume estimation. Furthermore, because of differences among institutions, it is
unlikely that wood volume estimations will be performed in the same way.

Therefore, NASA should design wood volume estimation data systems that user
organizations will be able to use; namely data and catalogs to dispersed data archives.
Each agency and organization will undoubtedly design its own procedures and
equipment suites to mesh with its overall data and information system.

Within each country, there probably will be little resistance by governmental agen-
cies to sharing data, information results, algorithms, models, and other methods
among sister agencies and private organizations. However, there will be many in-
stances of strong resistance to such sharing with non-nationals.

There will be strong resistance to sharing data, methods, and results among com-
mercial organizations within a country, thus causing resistance to using shared
facilities. Commercial organizations will be influenced by complexity and sophistica-
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tion versus cost trade-offs, and in many instances each will be interested in a restricted
area.

Global forest distribution mapping will almost certainly be done by international
governmental organizations, individual Federal agencies, and government-sup-
ported scientific organizations, as well as industry associations.

In both ‘global forest mapping and wood volume estimation, the most effective
steps NASA can take to encourage technology transfer is to involve potential users
from the very beginning and to give them a serious voice in designing the experi-
ments. Furthermore, during this phase, nonthreatening test areas should be selected,
that is, government-owned sites.

Once a demonstration has been completed, the NASA role would seem to be fairly
restricted. Each organization will make its individual decision about whether to adopt
operationally the techniques demonstrated and whether to provide access to catalogs
of the contents of relevant data archives. NASA could provide a service to Federal
user agencies in providing access to space-derived data. For commercial organiza-
tions, the desirability of NASA as a central source of access to space-derived data is
not so clear. If NASA makes information publicly available regarding which commer-
cial organizations are buying what data, the firms may wish to deal directly with
EOSAT, SPOT, and other data providers to ensure confidentiality. Third party organi-
- zations such as the value-added service industry will be participating in the technol-

* ogy transfer.

Information System Requirements:
Land Degradation and Forests

The renewable resources subsystem will need to facilitate the measurement and
understanding of land surface problems, particularly those having site-specific and
multitemporal characteristics. These specific applications programs do not require
real-time data, but it should be noted that later programs may. They do require
repetitive coverage, with examination of the data within the context of multiple
physical and biological parameters. They further require the use of data_analysis
techniques using geographic information systems to manipulate multiple layers of
information and data.

Users

The user community will include the commercial, academic, and government sec-
tors, and perhaps international participants. Each user is expected to be an expert
in a particular discipline and to develop a specific, quantifiable demonstration and
test program. Each will select a test site, assemble necessary data bases, and develop
and exercise appropriate algorithms and models to derive information required for
the application demonstration. Users may be those at existing, well-established in-
stitutions, as well as new users selected by the process described in Section 7. It is
estimated that the program will involve 30 to 40 such demonstrations.

Each user group will be associated with a site ranging in size from several square
kilometers to 30,000 square kilometers, except for one case of low-resolution global
mapping of the world’s forests at a scale of 1:5,000,000.

Data

Remotely sensed data. These applications experiments are designed to use data from
Landsat, SPOT, NOAA satellites (AVHRR), Marine Observation Satellite, ESA Earth
Remote-Sensing Satellite, and HIRIS (if available). It is estimated that because of the
limited size of the demonstration sites, the initial volume of data will be approximately
10° bytes per year. As the program develops into the operational phase, the data
volume will approach 10" bytes per year.

The nature of the selected applications will place a minimal demand on rapid
access to data or exchange of data among investigators; that is, each test site will be
distinctly separate, with independent activities. Thus, it is visualized that each of
the users will assimilate and manipulate their own digital data bases, with most of
the data coming from existing, distributed data sources. The data will need to be
geocoded (i.e., each information element such as a picture element of an image or
map will have an assigned geographic address). The data can be distributed to the
users on magnetic tapes or optical disks, because the phenomena under observation
are slowly varying, the measurement cycles being annual.

Validation data. To assess adequately the performance of algorithms and models
for generating the desired information, the quality of the input data and the informa-
tion derived must be ascertained. This process will require validation data. For readily
accessible sites, validation will consist of field observations and measurements with

A Strategic Vision

The nature of the selected
applications will place a
minimal demand on rapid
access to [remotely sensed]
data or exchange of data
among investigators; that
is, each test site will be
distinctly separate, with
independent activities.

33




the assistance of higher resolution imagery and/or maps. In inaccessible areas, mul-
tistage sampling techniques will be required, preferably usirig some quantitative data
from public or private sources regarding the state of the phenomena under investi-
gation.

For test sites in the United States, 10 to 100 aircraft flight-line miles of data possibly
will be needed over each site, using NASA’s high-resolution airborne imaging spec-
trometer. It is anticipated that most of the specially collected validation data will be
of interest only to the immediately associated investigators and need not be archived
centrally.

Auxiliary data. For most applications, satellite imagery by itself does not yield
quantitatively useful information, with change detection being a major exception.
Thus, the application demonstration will require merging the satellite imagery with
other data (whenever available), such as climatic conditions and maps showing
topography, soil, geology, vegetation species, and land use. The data must be
geocoded and digitized. Initially, a total volume of about 10° bytes will be needed
by the users. By 1995, large area demonstrations may require approximately 10"
bytes of geocoded data. These data can be stored and transported on magnetic tapes
and/or optical disks.

Standards for Quality Assessment and Documentation

Each collected data set must have associated with it documentation regarding
calibration, data quality and accuracy, instrument and other acquisition specifications,
and data processing history. For the comparison and assimilation of multiple data
sets, geocoded radiance measurements should be described in absolute terms.

All data entering the system must be geocoded in raster or vector format, as
appropriate. Data headers mustidentify geographic location, date, and origin of data.

The subsystem will require a directory that can provide pointers to data, facilities,
researchers, analysis capabilities, and other resources. Catalogs must provide more
detailed information about models, algorithms, and data sets, including location,
time and date, cloud conditions, attributes, origin, quality, accuracy, and history of
data. The level of catalog detail should permit users to determine whether any
categories are of interest to them. Browse files are needed for all types of data.
Directories and catalogs should be accessible via electronic query.

Algorithms for data processing and models to estimate physical phenomena will
be a central focus of the research and development effort; the generally useful al-
gorithms and models should be included in the catalog. Generally accepted standard
algorithms and models should be available to the users. These include land degrada-
tion and canopy reflectance models, and calibration, classification, and change-detec-
tion algorithms. Some users will have algorithms and models that are experimental
or proprietary; these will not be generally available.

VAX and micro-VAX type computers will be required by the users. Existing geo-
graphic information systems, image analysis, and statistical software will be used as
technological starting points. Some adaptation and improvements probably will be
necessary.

Some relatively minor facilities will be required for field observations and measure-
ments. These may include up to 20 data collection platforms.

Recommendations

Such issues as the needs of the applications community, the relationship between
NASA and potential users of remotely sensed data, and factors which might hinder
or help the successful implementation of the proposed plan were considered in
developing the following recommendations:

* Applications programs should be initiated in two priority areas: land degradation
and forests.

* NASA should involve potential user organizations in the planning and execution
of the Applications Research Program.

* NASA should give maximum attention to the development of models and al-
gorithms in the Applications Research Program.

* Access should be provided to existing archives of space data for applications
users and a catalog of archive contents should be provided pertaining to space
and other related data.

» In designing information access mechanisms, NASA should recognize the likeli-
hood that each operational user will design and implement its own information
system tailored to the user’s individual needs.
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* NASA should start these programs in FY 1988 using currently existing data and
associated capabilities.

Nonrenewable Resources Objective

Develop and validate new data management systems and information extraction
techniques by 1993 that are needed for globally evaluating potential occurrences of
strategic, nonrenewable resources at a 1:50,000 scale. These systems and techniques
are expected to be used on a routine basis in the latter 1990s following the launch of
the NASA/INOAA Polar Platform. To achieve this objective, it is recommended that a
prototype information system be developed to demonstrate how remotely sensed data
could be used in combination with conventional types of geological/geophysical data to
evaluate the potential occurrence of chromium, cobalt, manganese, and platinum group
metals at selected test sites distributed throughout the world.

The industrial base of the western world is critically dependent on the availability
of raw materials used in the manufacture of high-technology products. The manufac-
ture of such products as jet engines, high-performance aircraft, spacecraft, launch
vehicles, electro-optical instruments, and computers is dependent on the availability
of low-cost, high-strength, high-temperature, corrosion-resistant alloys and semicon-
ductor materials. Fabrication of these products is, in turn, dependent on low-cost
availability of the strategic materials highlighted in Figure 5-6.

Several factors are increasing the vulnerability of western world countries to the
reduced supply of these strategic commodities: (1) political unrest in Africa, South
America, and Central America; (2) industrial expansion in Europe, Asia, and the
Pacific; and (3) emerging industrialization of developing countries. Although most
of the mineral commodities listed in Figure 5-6 are known to exist in the United
States, at least one-half do not exist in sufficient concentrations to be economically
mined and processed into raw materials.

In 1985, the U.S. Congress Office of Technology Assessment (OTA) published a
report entitled, “Strategic Materials: Technologies for Reducing U.S. Import Vulnera-
bility.” This report lists three tiers of mineral commodities according to how critical
they are for U.S. industry and national security. The first tier consists of four com-
modities—chromium, cobalt, manganese, and platinum group materials—that are
almost exclusively produced in South Africa, Zaire, or the Soviet Union.

The 1985 OTA report recommends development of new technologies and geological
models that can be used to evaluate alternative sources of these commodities globally.
Furthermore, the report acknowledges that NASA and the Department of Commerce
have an important role to play in such a research program because of their respective
missions: to conduct global Earth observations and to monitor the productivity of
the U.S. economy.

The following are other Federal agencies that will benefit directly from improved
information on the availability of strategic materials:

* Department of Interior
—U.S. Geological Survey
—U.S. Bureau of Mines

* U.S. Department of State
* U.S. Department of Defense
* National intelligence and security agencies

Improved techniques for strategic materials assessment ultimately will provide
tools needed by private industry to find and develop alternative sources of supply.
Technologies and techniques developed in the conduct of this applications research
program will lead to improved methods of resource assessment that can also be
applied to the search for base and precious metals, oil and gas, coal, and uranium.
These techniques also could be adapted for a wide variety of geological engineering
applications, such as identifying sites for waste disposal and dam construction and
defining environmental baseline conditions to establish requirements for land recla-
mation.

Implementation of the proposed demonstration project would produce significant
benefits for NASA, the geological community, and the nation. From NASA’s perspec-
tive, the anticipated results would provide a concrete demonstration of how remotely
sensed data can be used for nonrenewable resource evaluation in the 1990s. Many
of the data sets required by the project would be acquired by experimental aircraft
sensors that are precursors of comparable instruments to be placed on the NASA/
NOAA Polar Platform. Consequently, the results of the project would serve to expand
the community of geologists that could make effective use of Polar Platform data in
the latter 1990s.
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From the perspective of the geological community, the demonstration project
would provide new and unique insights into the occurrence and genesis of certain
types of mineral deposits. More importantly, it would provide a unique demonstra-
tion of how to manipulate and merge large quantities of digital data. Geologists
commonly archive and transfer information in the form of paper maps and film
transparencies. This project would give selected members of the geological commu-
nity a unique opportunity to access and manipulate a wide variety of digital data

Figure 5-6
Net Import Reliance as a Percent of Consumption, 1982

Major foreign sources, 1978-81
and percent supplied, 1982

Columbium
Industrial diamond stones

Natural graphite

Brazil (73) Canada (6) Thailand (6)
S. Africa (61) Zaire (14) Bel-Lux (8) UK (6)
Mexico (60) Korea (12) Madagascar (5) China (5)

Mica sheet India (83) Brazil (11) Madagascar (4)
Strontium Mexico (99)
Manganese Ore: Gabon (32) S. Africa (24) Australia (18) Brazil (15)

Bauxite and aluminum

Ferro Mn: S. Africa (42) France (25) Mexico (7)

Jamaica (40) Guinea (28) Suriname (13)
Alumina: Australia (76) Jamaica (15) Suriname (8)

Cobalt Zaire (38) Zambia (13) Bel-Lux (11) Finland (6)
Tantalum Thailand (38) Canada (11) Malaysia (8) Brazil (7)
Chromium Chromite: S. Africa (44) USSR (18) Philippines (17)
FeCr: S. Africa (71) Yugoslavia (11) Zimbabwe (6) Brazil (?)
Fluorspar Mexico (60) S. Africa (30) Italy (4) Spain (3)

Platinum group metals

S. Africa (56) USSR (16) UK (11)

Nickel Canada (44) Norway (11) Botswana (9) Australia (8)
Asbestos Canada (97) S. Africa (3)
Tin Malaysia (39) Thailand (21) Bolivia (17) Indonesia (?)
limenite Australia (59) Canada (34) S. Africa (6)
Potash Canada (94) Israel (3)
Cadmium Canada (27) Australia (18) Mexico (11) Korea (9)
Rutile | Australia (77) S. Africa (8) Sierra Leone (7)
Gallium i Switzerland (65) Canada (12) Germany (10) China (?)
Silver | Canada (37) Mexico (24) Peru (23) UK (5)
. Ore & core: Canada (59) Peru (17) Mexico (8)

Zinc | Metal: Canada (51) Spain (8) Mexico (6) Australia (?)
Selenium | Canada (44) Japan (17) Germany (8) UK (8)
Tungsten I Canada (21) Bolivia (19) China (14) Thailand (7)

Metal: Bolivia (38) China (34) Mexico (10) Bel-Lux (7)
Antimony Ore & core: Bolivia (36) Canada (19) Mexico (19) Chile (8)
Oxide: S. Africa (44) China (15) France (14) Bolivia (11)
Mercury Spain (34) Japan (21) Italy (12) Algeria (10)
Gold Canada (52) USSR (20) Switzerland (17)
Iron ore Canada (64) Venezuela (16) Brazil (9) Liberia (?)
Iron and steel Europe (37) Japan (34) Canada (14)
Silicon Canada (25) Norway (22) Brazil (14) S. Africa (?)
Vanadium S. Africa (58) China (10) Canada (8)
Titanium sponge Japan (81) China (10) USSR (8) UK (1)
Copper Chile (32) Canada (22) Peru (14) Zambia (11)
Aluminum Canada (62) Ghana (11) Norway (4) Japan (4)

NOTES: Net import reliance is figured as percent of apparent consumption, except for rutile, for which net import reliance is figured as percent
of reported consumption.
Net imports — imports - exports - adjustments for government and industry stock changes.
Apparent consumption — U.S. primary and secondary production - net imports.

SOURCE: U.S. Department of the Interior, Bureau of Mines
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bases in a highly interactive fashion. The results of the project would likely stimulate
far wider future use of information system technology within the geological commu-
nity. '
Finally, the results of the demonstration project should enhance the effectiveness
and efficiency of strategic mineral exploration in many parts of the world. This will
reduce the nation’s vulnerability to interruptions in the supply of strategic materials
that are required by the industrial economy of the United States and other western
nations. '

Measurement and Model Requirements:
Nonrenewable Resources

Nonrenewable resource assessment is a two-step process. Step one involves the
collection and analysis of observations from a variety of sources to develop a three-di-
mensional model of crustal composition and structure within a particular area. Step
two involves comparing this model with similar models of areas containing known
deposits of specific mineral commodities.

The geological characteristics of areas of known production are synthesized to
: produce a set of predictive models commonly referred to as commodity occurrence

* models. The degree to which the three-dimensional crustal model of the prospect
area matches a particular commodity occurrence model is a predictive measure of
the likelihood of encountering that commodity within the prospect area.

The role of remote-sensing observations in strategic material evaluation is concep-
tually illustrated in Figure 5-7, which displays the various steps involved in perform-
ing, interpreting, and applying remote-sensing measurements to the problem of
strategic mineral assessment.

At their most fundamental level, remote-sensing observations are simply measure-
ments of the number of photons arriving at the entrance aperture of a sensor system
per unit time, wavelength band, and ground area. The sensor collects these photons
and quantifies the number present, normally by using a grey scale to characterize
variations in the intensity of radiation emanating from different portions of the Earth’s
surface. These radiometric data are displayed in a two-dimensional format as a picture
or image of the Earth’s surface. Analysis of radiometric patterns found in single
picture elements (pixels) results in the identification of spectral signatures for land-
scape cover materials. Models must be employed to relate such signatures to the
presence and abundance of specific surface materials. Analysis of spatial radiometric
patterns in groups of pixels can provide additional information concerning the nature
of materials exposed at the Earth’s surface. '

Geologists employ a series of models to extract various types of landscape informa-
tion from the radiometric information contained within a remotely sensed image.
The two major categories of landscape information that can be obtained through this
analysis are surface topography (i.e., landforms and drainage) and surface cover
(i.e., nature and distribution of surface materials). Landscape information is inter-
preted to obtain geological information concerning the types of rocks that are present,
the sequences in which they occur, the extent to which they are folded or faulted,
and so forth. Many other types of measurement techniques, such as geophysical
surveys, field mapping, and rock/soil geochemical analysis, can provide useful
geological information for purposes of mineral assessment.

Figure 5-7 illustrates the hierarchy of models employed in actually using remote-
sensing observations for purposes of nonrenewable resource evaluation. Models
required for generating radiometric data from radiometric measurements are de-

~ veloped by sensor engineers to meet the design requirements of individual sensor
systems. Models required to extract geological information from landscape informa-
tion have largely been developed by photogeologists. Continued research in both of
these areas is needed. However, some of the most critical limitations in our ability
to apply remotely sensed data to geological problems arise from limitations in the
models used to obtain radiometric and landscape information from raw radiometric
data. These limitations are discussed in greater detail in a subsequent section.

Remote-sensing measurement requirements for strategic mineral evaluation are
summarized in Figure 5-8 and discussed below. Figure 5-8 illustrates the relevant
types of landscape information that can be extracted from remote-sensing surveys
performed in different spectral regions. Regions of interest include the visible-near
infrared/shortwave infrared (VNIR/SWIR) extending from wavelengths of 0.4 to 2.5
microns; thermal infrared (TIR), specifically the 8 to 12 and 3 to 54 micron regions;
and microwave, specifically multipolarizatiori, multidepression angle measurements
performed at 1 to 100 cm wavelengths. The following sections describe specific
measurement requirements.
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APPLICATION Potential Strategic Non Renewable
4 \ Resource Exploration Sites

Strategic Mineral Occurrence Model

Geological
Models

3-Dimensional Model of
Crustal Composition and Structure

Structure Sequence and Movement

TECTONIC HISTORY | i ire

Above Surface and Below Surface

STRUCTURE Geometric Projections and
ﬁ?g::gﬁz'n Discontinuities in Rock Sequences
Rock Units, Rock Sequences,
STRATIGRAPHY and Rock-forming Processes
Landform Genesis and
GEOMORPHOLOGY Landscape-forming Processes

TOPOGRAPHY

3-Dimensional Positive Topographic

Sequence of Steps in Data Analysis and Interpretation

Landform Features Characterized by Areas
Drainage "1 2-Dimensional Negative Topographic
Features Characterized by Lines
SURFACE COVER
Consolidated Materials Exposed
Rocks as Outcrops
Landscape Unconsolidated rock weathering products
Information Coatings on rocks, soils, and
unconsolidated materials
Vegetation
Water
Culture

Mixtures of above

[EeEeE]—

Radiometric  Spectral Patterns (1 pixel)
Information

(s —

Radiometric  Watts/cm?sr (per wavelength band, per
Data ground area formatted to grey, levels, colors,

or digital numbers)

Radiometric Photon density (per unit time, per
Measurements Wwavelength band, per ground area)

Spatial Patterns (More than 1 pixel)

Resolution: Spatial, Spectral, and Radiometric

. In the VNIR/SWIR portion of the spectrum, spatial resolution of 10 to 15 m for

panchromatic data and 20°to 30 m for multispectral data is required to obtain surface
topographic information with a +/— 10 to 30 m horizontal precision and a +/— 10 m
vertical precision. Spacial resolution in the TIR will be dictated by radiometric
constraints. The desired spatial resolution in the TIR is the smallest instantaneous
field of view that can be used to detect variations in surface emittance above natural
background levels. In the microwave region, a 20 to 30 m resolution with reasonable
signal-to-noise levels is required.

Within the VNIR/SWIR, discrimination of various mineral species will require
spectral resolutions of 5 to 10 nm. In the TIR, spectral bandwidths of 500 nm are
required for mineral discrimination. For microwave sensors, existing X, C, and L
band systems (3, 5, and 30 cm, respectively) are adequate.

Radiometric resolution required for geological applications are a NEAP of 0.1 per-
cent (noise equivalent reflectance difference of 0.1 percent of total reflectance) for
the VNIR/SWIR; NEAT (noise equivalent temperature difference) of 0.3 K in the TIR;
and a NEAR (noise equivalent radiance difference) of 0.5 dB in the microwave portion
of the spectrum.
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Iron Oxides Silicates
B B A c Surface Cover Iron Sulphates Carbonates
(Geological Materials) Clays
Carbonates
Surface Cover
Y c B B (Vegetation)
Measurement
Requirements
] - 10-15m "I Best |
A - Major Contribution . p
B - Moderate Contribution Panchromatic | - Available SPATIAL
C - Minor Contribution Given Spectral 20-30m RESOLUTION
20-30m & Radiometric -
Multispectral Constraints
X,C,LBand SPECTRAL
5-10nm 500nm (3,5,30cm) RESOLUTION
MEASUREMENT ' ; :
REQUIREMENTS
IN DIFFERENT i
SPECTRAL REGIONS Seasonal Diurnal/ Seasonal :
Seasonal . .
. TIMING
Simultaneity highly desirable
NEA NEAT NEAR RADIOMETRIC.
=0.1% =0.3K =0.5db i RESOLUTION |

*NOTE: Shaded areas have critical requirement for additional model development.

Timing

Probably the single most important comment on timing of data collection is the
tremendous advantage of simultaneous data collection. Data collected at different
times, under different atmospheric, solar, and seasonal conditions, are incompatible
and therefore can be extremely detrimental to subsequent analysis and interpretation.
For the TIR data, the collection of diurnal data is required for thermal inertia calcu-
lations useful in determining soil rock densities, as well as water content.

Relevant types of landscape information that can be extracted from remote-sensing
surveys that meet these requirements are as follows.

Topography. To adequately define drainage and landform information, topo-
graphic information is required with a precision of +/- 10 m in the vertical dimension
and +/- 10 to 30 m in the horizontal dimension.

Surface cover (geologic materials). Given the spectral measurement requirements
defined above, it will be possible to identify and map several geologically significant
mineral species using the VNIR/SWIR and TIR spectral data. These include iron
oxides and sulfates, as well as some clay, carbonate, and silicate minerals. The
greatest contribution of the microwave will be determining surface roughness and
mapping contrasts in dielectric properties. The use of multispectral imagery for rock
type discrimination isillustrated in Figure 5-9 (this image appears also as Plate No. 12,
in the color plate section).
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Thematic Mapper Commercial/Earth Currently VNIR/SWIRTIR 6 VNIRbands 30m  Broad spatial and spectralimaging,

Observation Satellite Co. Operational (0.4-12 microns) 1TIRband 120m  suitable for limited broad category
(Thermal)  detection and mapping of
limited materials
SPOT Commercial/SPOT Image Currently VNIR Panchromatic/ 10-20m  Suitable for stereoscopic imaging
Operational (0.5-0.9 microns) Multispectral and landform analysis
(3bands)
Airborne Imaging NASA/Jet Propulsion Currently SWIR 128 bands ~10m  Detection and identification of
Spectrometer Laboratory Experimental (1.2-2.4 microns) (8-10umeach) materials with characteristic
spectral signatures in short
. wavelength infrared
High Resolution Commercial/Geophysical Currently VNIR/SWIR 576 bands 20m  Pointdata notapplicable for
Radiometer Environmental Research Semioperational (0.4-2.5 microns) mapping, useful for proof of
concept for spectral mapping
Thermal infrared NASA/Jet Propulsion Under TIR 6bands 30m  Detection and mapping of
Scanner Laboratory Development (8-12 microns) numerous silicate mineral groups
Airborne Visible NASA/Jet Propulsion Under VNIR/SWIR ~228 bands 20m Detection,ideniiﬁcaiion;and
Infrared Imaging Laboratory Development (0.4-2.4 microns) mapping of numerous minerals
Spectrometer : and mineral components with
characteristic spectral responses
‘ inthe visible through shortwave
infrared
Multivariantimaging  NASA/Jet Propulsion Under MW (3-10cm) 3bands ) 30m  General terrain mapping and
Microwave Laboratory Development (3,5, 30cm) texture mapping in multiple
categories
tion program, because participation is envisioned as a major form of technology
transfer.
The remaining tasks are largely self-explanatory. The first 2 years of the demon-
stration project (1988-1990) would be primarily devoted to identifying, acquiring,
and georeferencing the various data sets to be used in evaluating mineral potential.
The second 2-year period would be devoted to evaluating the likely occurrence of
specific commodities at the individual test sites. If this prototype information system
were made truly operational in the mid-1990s, and if the NASA/NOAA Polar Platform
were launched in 1995, the project tasks shown on the milestone schedule during
" the period 1988-1990 could be performed routinely in a few months.
The principal factors that might limit the success of the proposed demonstration
project are (1) the accessibility to foreign areas where strategic materials are known
or suspected to occur and (2) the availability of ancillary data for prospective test
sites. Well-known deposits of chromium, cobalt, manganese, and platinum group
metals are primarily located in the Soviet Union, Zaire, and South America. Several
of these deposits would provide useful training areas to validate the utility of remote-
sensing methods for strategic mineral evaluation. However, political factors may I he Operationul
limit our ability to obtain access to these areas. Other regions may be accessible, but . .
conventional geological data such as gravity and magnetic surveys, soil maps, and mformatzon SyStem that
topographic maps may be lacking for these areas. Cooperation with foreign institu- . H
tions such as universities, government agencies, and private sector companies will wlll eUOZUe o wll l be
be a prerequisite for the successful completion of the project. called on to provlde dﬂtﬂ,
Operational System Requirements: Nonrenewable Resources mformatzon, ulgorzthms, ‘-
In the area of nonrenewable resources, the user community will be composed of and related services to

representatives from Federal agencies, universities, and private industry. The initial : .
~ user community in 1989 should be about 20 groups, growing to a maximum of 100 a... wlde Communl,ty O,f
user groups by 1993. Each of these user groups may be composed of from 1 to 10 users.
individuals at each site or node.
The operational information system that will evolve from the prototype system
developed during the demonstration project will be called on to provide data, infor-
mation, algorithms, and related services to a far wider community of users. To meet
the needs of this technically diverse and geographically dispersed community, the
operational system must be fully functional under the following constraints:

User requirements. In the 1993 time period and beyond, we anticipate that local
computational facilities with the basic capabilities of a VAX 11/780 or its equivalent
will be available to the average system user. Furthermore, we anticipate that these
types of facilities will be readily available to most investigators.
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Data delivery. System users will routinely place orders for archived data sets that
currently exist and “new” data sets that must be acquired by orbital sensors. Previ-*
ously acquired data that reside within the information system should be routinely -
provided to a user within 1 week of receipt of a request. Data acquired in direct
response to a new user request should be reduced and delivered within 2 weeks of -
receipt of order.

Communications. Telephone-based communication services are adequate for using
the proposed information system to identify, locate, and order data sets required
for specific projects. Telephone-based communications also will provide an adequate
means of telemail communication among various system users. We anticipate that
large data sets or extensive algorithms would be transmitted to users in the form of
a magnetic tape or a comparable optical media product. However, if microwave or
fiber optic communications are readily available to the user community by the mid-
1990s, they could be employed for real-time transmission.

Ancillary data sources. Ancillary data sets other than remotely sensed imagery will
obviously play a key role in mineral resource evaluation. Linkages to existing geolog-
ical, geophysical, and geochemical data bases should be created wherever possible.
High priority should be placed on adding the following data bases to the operational
information system as soon as possible:

« Digital topographic data at all available scales
« Catalogs of existing geological and soils maps
« Digital gravity and magnetic survey data

* Geochemical surveys, including soil and stream sediment chemical analyses and
airborne radiometric surveys

* Spectral libraries defining the spectral and radiometric properties of common
surface materials on the basis of laboratory and field measurements

» Moderate Resolution Imaging Spectrometer, AVHRR, and Geostationary Oper-
ational Environmental Satellite data for purposes of applying atmospheric correc-
tions to multispectral imagery

« American Petroleum Institute data base of well locations and well log data and
comparable data bases for overseas areas, where available

* Digital cultural information

Training. The proposed information system should be well documented, menu
driven, and user friendly with extensive embedded “help” information. Given these
assumptions, little additional training would be required by potential users of the
system.

Costs. The operational system is presently too poorly defined to specify exact
costs for specific services. However, two general rules-of-thumb should be followed
in defining user costs: (1) costs should be apportioned on the basis of the quality
and quantity of the service provided (i.e., a catalog search should generally cost less
than the purchase of a specific data set) and (2) costs should be defined on the basis
of the customer’s willingness to pay for specific services (i.e., costs should be “market
driven”).

Demonstration Projects: Nonrenewable Resources

The potential capabilities of the system will be demonstrated by conducting a series
of pilot projects in areas containing known or suspected deposits of chromium,
cobalt, manganese, and platinum group metals. Individual test sites will be on the
order of 15 x 15 km to 50 x 50 km. These test sites will be situated in a variety of
physical environments, such as tropical, temperate, and semiarid terrains, to validate
the utility of the system for global strategic material evaluation.

Strategic material potential will be evaluated at each test site using remotely sensed
information and conventional forms of geological and geophysical data. These various
types of information will be used with geological models to predict the likelihood of
encountering specific mineral commodities within the individual test site areas.

This demonstration project will be divided into two principal phases. The first
phase will extend from 1988 to 1990. During this period, remotely sensed data will
be collected over the test sites using existing orbital sensors (Landsat MSS and TM,
and SPOT PN and XS) and experimental aircraft sensors (AVIRIS, TIMS, and airborne
SAR). These data will be georeferenced to a common map projection and placed in
a data base that will be available to all project investigators. Conventional forms of
geological and geophysical data already available will be georeferenced in the same
fashion and added to the data base. Finally, conventional forms of geological and
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geophysical data that are normally archived in the form of maps, such as photographic
prints and transparencies, will be digitized, geocoded, and entered in the data base.
This data base and the procedure developed for its use and manipulation will consti-
tute a prototype of the information system that exploration geologists will require
in the late 1990s for strategic material evaluation. In fact, the airborne sensor data
placed in the data base will be very similar to data sets that will be routinely produced
by sensor systems on the NASA/NOAA Polar Platform scheduled for launch in 1995.
To be successful this demonstration project requires access to state-of-the-art sensor
systems currently being developed by NASA; geological expertise and data sets that
reside in the university community, private industry, and selected Federal agencies;
and assured access to test site areas located in foreign countries. To meet these
requirements, representatives from the following institutions should be invited to
participate with NASA in the planning and implementation of the project:

* The university community, including NOAA-funded academic centers of excel-
lence in land remote sensing

~ * Private industry, including major resource companies and value-added firms
that provide exploration services

* Government agencies involved in resource assessment and development, such
as the U.S. Geological Survey, the Bureau of Mines, and the Bureau of Land
Reclamation; and National Science Foundation investigators conducting research
in mineral genesis and emplacement

« Foreign universities, government agencies, and private sector companies actively
involved in resource assessment and development

The purpose of this project is not actually to locate economic deposits of specific
mineral commodities, but to demonstrate how remotely sensed data can be used on
a routine basis for purposes of strategic material assessment. The key output of the
project is the development of a data base management and information system that
can effectively serve the broad community of geoscientists involved in strategic
material evaluation in the latter 1990s. Consequently, the success of the project
should be measured with respect to the efficiency and effectiveness of the prototype
information system.

The recommendation is to impanel a group of industry participants during the
initial stages of the project to develop a clear definition of success criteria from an
applications perspective. Specific criteria that potentially could be used to gauge
success include the following:

* The spatial scale at which mineral potential is characterized. Mineral potential
maps prepared at global scales of 1:5,000,000 and local scales of 1:5,000 presently
exist. (This project would produce comparable maps at an intermediate scale of
1:50,000, which are not commonly available.)

¢ The time required to perform the evaluation.

* The spatial correspondence between localities of high mineral potential predicted
by the demonstration project and localities of known production (recognizing,
however, that historical production patterns do not necessarily provide an accu-
rate guide to actual mineral occurrence and distribution).

As indicated above, the initial phase of the project from 1988 to 1990 will be devoted
largely to data collection and data base construction. The commodity evaluation
phase of the project will be conducted from 1991 to 1993 during an approximate
18-month period. The results should be available to the geological applications com-
munity prior to the launch of the NASA/NOAA Polar Platform and will demonstrate
how space-acquired data can be used for purposes of mineral evaluation at a scale
of 1:50,000. These results are anticipated to stimulate expanded use of remotely
sensed data supplied by Polar Platform payload instruments throughout all segments
of the geological applications community.

Technology Transfer Process: Nonrenewable Resources

The ultimate “users” of the information system developed during the demonstra-
tion project will be private industry, selected Federal agencies, and selected members
of the university community. The single most important consideration in transferring
the technology to this large and diverse group is to involve representatives of each
. constituent group in all stages of the demonstration project. In our judgment, these
users have no specialized technical needs that would limit their ability to employ
the proposed information system. All potential users possess varying fundamental
skills, relevant experience, and computational facilities required to exploit the pro-
posed system. Barriers to use will arise primarily, and perhaps exclusively, from a
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lack of familiarity with the system’s capabilities and limitations. These barriers can
be avoided if representatives of each constituent group are involved in the demon-
stration project from the outset. '

Secondary considerations in transferring the proposed information system to the
applications community are resources and the dissemination of demonstration project
results. NASA will play a critical role in providing the institutional and financial
resources required to construct the prototype information system. Key institutional
resources are the NASA aircraft and airborne sensor systems that will be used to
conduct experimental remote-sensing surveys over domestic and foreign test sites
during the demonstration project. Key financial resources are the funds required to
sponsor research at selected universities and to build and operate the prototype
information system. NASA must be willing to disseminate the results of the demonstration
project to the broadest spectrum of potential users in a timely fashion. These results must be
fully documented in accessible technical literature, and they must be presented orally at major
scientific meetings, seminars, and workshops. NASA must take an aggressive, proactive role
in disseminating the results of the demonstration project to the potential user community.

Value-added firms that provide exploration services to resource companies could
play a major role in stimulating future use of the proposed system. These firms are
anticipated to use the system to conduct a wide variety of studies related to resource
assessment and development. The results of such studies could stimulate further
use of the system on the part of their client companies. In our judgment, NASA
should devote special effort to briefing value-added firms on the results of the dem-
onstration project and it should provide special incentives for such companies to use
the system when it is initially developed.

Information System Requirements: Nonrenewable Resources

The nonrenewable resources subsystem will allow users to have access to data
and algorithms that will assist them in information processing and extraction. The
subsystem initially will be site- and time-specific but eventually will become
worldwide and multitemporal in scope. The first projects will not require real-time
data, nor will they require rapid data transfer. These requirements can be envisioned
easily for follow-on projects. All projects have a requirement for geocoding, that is,
a geographic location being attached to all data points for easy reference and data
overlay and integration. As for renewable resources, there is a need for analysis
techniques using geographic information systems.

Data

All data must be digitized and geocoded to permit digital integration and overlay.
A 'scale of 1:50,000 and a projection in the Universal Transverse Mercator grid system
will be used unless other scales and projections are requested. Figure 5-10 graphically
presents the time frame for the demonstration project data collection.

Remotely sensed data. The space-derived data are expected from Landsat, SPOT,
and NOAA satellites. Airborne data from AVIRIS, TIMS, and SAR will be the principal
data sets for the detailed analyses. AVIRIS data are expected to range from 10 to 15
gigabytes per test site.

Validation data. It is expected that ground and laboratory spectra will be collected
for each site to validate and calibrate the space and aircraft data. Up to a few hundred
data points would be collected for each site.

Auxiliary data. To reduce the ambiguity of the remotely sensed spectral data, all
available auxiliary data should be cataloged and analyzed. It is expected that 100-500
megabytes of such auxiliary data will be collected.

Standards for Quality Assessment and Documentation

The minimum documentation for each data set will be the instrument specifications,
instrument calibrations and/or calibration algorithms, and the data processing history.
For all data generated by the project and placed into the data base, there must also
be adequate documentation to permit later uses by others.

Directories, catalogs, and browse files are required for all data types. Queries on
multiple fields should be accessible through a support information network.

A group of generally accepted, standard algorithms and models should be available
via the support information system for common usage. An example would be a set
of algorithms for derivation of radiometric properties based on standard atmospheric
models. The Department of Defense and some commercial users will have algorithms
and models that are restricted or proprietary and, therefore, will not be available to
other users.
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Figure 5-10
Proposed Milestone Schedule for the
Strategic Material Assessment Demonstration Project

Each user node will need at least a micro-VAX-sized facility for data processing.
The support information system should utilize at least a VAX 11/780-size computer.
Some users will require access to a supercomputer and/or an artificial intelligence
(AI) machine for large models, AI development, and other computationally intensive
operations.

No major new sensor hardware will be required beyond what is already on the
NASA development schedule.

OCEAN AND ATMOSPHERE

Two applications objectives were identified in the area of ocean and atmosphere
remote sensing. They are similar in proposing the design and development of research
information systems that, through the use of numerical models, assimilate diverse
data over time, provide gridded estimates (and accuracy measures) of key variables,
and create certain types of forecasts.

Both of these objectives support and extend the NASA Eos and joint-agency Earth
System Science programs. They focus NASA’s scientific resources in the use of
remotely sensed data and in the development of atmospheric and oceanic models *
leading toward the development of new information systems serving both research
and applications. The objectives defined are achieved only as a result of space-based
remotely sensed data.
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Ocean Obijective

Define and validate by 1995 the design of an information syétem for an operational
hindcast, nowcast, and short-term (up to 1 week) forecast system, with mesoscale
resolution, for a number of oceanic and atmospheric planetary boundary layer physical
varigbles.

The nowcast should be available hourly on a regional (ca. 1,000 km sq.) basis (2-km
grid size) and daily on a global basis (100-km grid size), with state-of-the-science
accuracies for oceanic surface temperature, currents, wave height, atmospheric tem-
perature, mixed layer depth, surface winds, and related variables.

Achieving this objective will allow the calculation of comprehensive fields of oceanic
and atmospheric boundary layer information, which will be useful for scientific
research (such as the Earth System Science research program) as well as for a
number of pratical purposes (such as general marine operations, search and rescue
operations, oil spill dispersal estimates, ocean dumping assessments, ship routing,
marine weather forecasting, and fishing operations). For example, this capability
would foster the development of mesoscale-resolution, ocean-circulation models that -
can be used for applications. If the capability is not achieved, we will be less able to
understand global as well as regional phenomena such as atmosphere-ocean heat
and moisture transfers, carbon dioxide assimilation by the ocean, and El Nifio. Fur-
thermore, improvements in marine resource extraction and in marine resource man-
agement will continue to be inhibited, leading to lost economic opportunities and
immediate economic losses. The major risk is the uncertainty of sufficient satellite
remotely sensed data on a reliable basis in the time frame of interest.

The user community for the ocean applications objective comprises
Government and Government-Sponsored Users '

+ National Ocean Service

+ National Weather Service

» Agencies
Department of Defense (DOD)
Coast Guard
Department of Energy (DOE)

U.S. Department of Agriculture (USDA)
Department of the Interior (DOI)

+ Oceanographic and meteorological researchers

* Major research institutions
Institute for Naval Oceanography (INO)
Jet Propulsion Laboratory (JPL)
National Center for Atmospheric Research (NCAR)
Goddard Space Flight Center (GSFC)
Environmental Research Laboratories (ERL)

Commercial Users

* Value-added weather forecast firms

* Marine operations

« Offshore exploration and development
* Planners for energy, water, etc.

* Agricultural planners

* Recreational boaters

Measurement and Model Requirements: Ocean

Figure 5-11, the ocean timeline, provides an overall perspective on the structure
and phasing of this effort.

Virtually all satellite remotely sensed and in situ data available in real time on the
physical fields of the lower atmosphere and upper ocean will be used. These include
operational and research data bases and involve measurements of temperature,
winds, currents, sea height, waves, moisture, and salinity. The research data bases
are used for model development and technique demonstration. Requirements for
accuracy and resolution are the state-of-the-science capabilities projected for the early
to mid-1990s. Our goal is hourly temporal resolution and 2-km spatial resolution.
To achieve this goal, high-quality oceanic and atmospheric boundary layer models -
(probably coupled) will be required. Also, good quality regional atmospheric and
oceanic circulation models will be needed to specify advective fields for the boundary
layer models.
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A number of research algorithms for retrieving geophysical data from satellite data

- need to be improved, and new algorithms for extracting surface layer salinity, mixed
layer depth, matine boundary layer moisture and temperature, and flow-field esti-
‘mates would enhance this effort..Data from the Special Sensor Microwave Imager
(SSMI), Synthetic Aperture Radar (SAR), ocean color instruments, and so forth may
be useful for some of these field estimates. Validation data will be needed with
mesoscale resolution. These will best be obtained in concert with ongoing and planned
oceanic mesoscale and air-sea interaction experiments. Access to Class VII computers
will be essential; access to planned data networks is expected to be adequate without
particular efforts by NASA.

Current operational capabilities are not adequate to realize this objective, -and
substantial -model development, including four-dimensional -data  assimilation
schemes, will be required. For example, methods are required to assimilate altimeter-
height data (for the oceanic circulation model); significant wave height and wave
spectral data (for the wave model), and scatterometer-wind data ‘and currents (for

 the atmospheric and oceanic circulation models). S ;

For data assimilation schemes, error models using simulated and observed data
will be needed for all components of the observing system, as well as good knowledge
of the correlation structure of the physical fields. The general topic of model adjust-
ment to incomplete data sets will be of particular importance for coupled air/sea
models. U

~ Special efforts should be made to exploit opportunities for model/data assimilation
method developments presented by high-density observing periods associated with
major experiments: Synoptic Ocean Prediction (SYNOP), Ocean Prediction Through

" Earth Observing Information System : i
z First Earth Remote-Sensing Satellite (ESA) - - o SsMA, Special Sensor Microwave Imaging
- "+ ‘Navy Geodetic Satellite SYNOP ic Ocean Prediction - -
. TOPEX - - (Ocean Topography Experiment
‘Satellite.

Observation, Modeling, and Analysis (OPTOMA), Tropical Ocean Global Atmo-

sphere (TOGA) program, World Ocean Circulation Experiment (WOCE), University
Research Initiative Program (URIP), and so forth. ‘ :

_ "“A set of bona fide prediction experiments will be needed in the applications areas

- of atmospheric visibility, fog, and icing, and in oceanic frontal developments. They

might typically run for a month or so and involve hindcasts, nowcasts, and forecasts.

Studies are required of the systems’ sensitivity to input variables and the range of

accuracy and resolvable scales. :
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Operational System Requirements: Ocean

The operational system into which the oceanic subsystem will fit is already partly -
in operation, dispersed between two agencies. The Navy maintains the Fleet Nu-
merical Oceanography Center (FNOC) in Monterey, California. FNOC produces a
limited suite of oceanic fields and forecasts for naval operations. NOAA operates an
Ocean Products Center (OPC) colocated with the National Meteorological Center
(NMC) in Camp Springs, Maryland, where special products are created and distri-
buted for civil oceanic operations. The Navy and NOAA jointly operate (under Navy
leadership) the Joint Polar Oceanography (Ice) Center (JIC) in Suitland, Maryland,
where ice fields are mapped from diverse data and distributed to both the Navy fleet
and civil interests. Finally, the Navy and NOAA will share data fields, products,
and raw data through the Shared Processing System (in which the Air Force is the
third partner). It is anticipated that in 1987 all of the oceanic data fields prepared by
FNOC will be available to NOAA and others through that link.

User requirements. Given the joint responsibilities and interconnections between
the Navy and NOAA, there are a number of unique factors that must be carefully
considered when the oceanic subsystem reaches operational status. There is always
a question of some of the data from the Navy being classified, which has previously
been handled by the agencies in a case-by-case manner. Also, in any joint operation,
in situations where the system is stressed and not all services can be provided, the
needs of national security may necessarily take precedence. Arrangements in the
oceanic subsystem must be made for both of these factors. :

Data delivery. The weather-related products (winds and waves) from the opera-
tional oceanic subsystem must be available in near-real-time to be useful. For example,
the products relating to ocean currents and ice must be available within 24 hours or
less. These timing requirements are well laid out in planning reports of the Navy
(e.g., NSCAT) and NOAA (e.g., for the ocean service centers and from the National
Environmental Satellite, Data, and Information Service [NESDIS]) in Envirosat 2000
reports).

Communications. Some of the needed operational communications systems are
expected to be established during the development of the subsystem. These include
the Shared Processing links and NOAA-PORT. The subsystem should be designed
to take advantage of these links. Other data links, like that for TOPEX winds and
waves, will have to be designed into the subsystem before it can become operational.

Computational resources. In principle, both agencies (Navy and NOAA) have ac-
cepted the results of the oceanic objectives and have called for development of the
subsystem. NOAA and Navy have agreed to update the Joint Ice Center to allow it
to manipulate digital imagery; this will make it compatible with the oceanic subsys-
tem. Navy has expressed interest in access to European Space Agency (ESA) Earth
Remote-Sensing Satellite (ERS-1) data, and both NOAA and NASA are seeking
agreements with ESA to provide the United States with access to the data. In short,
the agencies are taking actions that suit the development of an operational oceanic
data subsystem.

There is general agreement between NOAA and Navy regarding the geographic
scope of the activities of each in areas that might affect the oceanic subsystem. Navy
will take responsibility for global fields and operational products. NOAA will take
responsibility for operational products aimed at the Exclusive Economic Zone of the
United States. Neither of these is intended to be exclusive nor to preclude the other
agency from doing work directed at the larger or smaller geographic area. The sub-
system may have to be designed to feed part of the products to one agency and part
to the other (e.g., U.S. Exclusive Economic Zone regional products to NOAA and
global and other regional products to Navy).

Ancillary data sources. No major additional computer power beyond that already
planned should be needed to handle the oceanic subsystem in the operational centers.
The upgrades to Class VII computers at NMC and FNOC, plus the planned upgrade
at JIC, should be sufficient. In any case, the oceanic subsystem design should assume
the planned computer capabilities.

Training. Significant training of personnel at all three operational centers (ENOC,
OPC, and JIC) is anticipated for these new product streams. The training needs may
differ among the three and these differences should be taken into account in designing
the subsystem.

Costs. The costs of the operational system that derive from the oceanic subsystem
will be distributed among the agencies but will have to remain a small additive cost
to ongoing systems. We estimate that a maximum acceptable level would be on the
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order of several million dollars per year. As with the atmospheric subsystem, we
expect that NOAA will charge user fees to recover the marginal costs of providing
the service to private users.

. Besides NOAA and Navy, several other agencies will be intensely interested in
the oceanic subsystem, including the Coast Guard, the U.S. Geological Survey, the
Minerals Management Service, the Army Corps of Engineers, and the Maritime
Administration. These agencies, as ultimate users, should be consulted in the design
of the subsystem.

During recent discussions of NOAA's proposed ocean service centers, the division
of roles between NOAA and the private sector with regard to tailored products was
considered. NOAA'’s policy is to provide global and regional products over certain
geographic limits, and the private sector will provide any special products for specific
market sectors. This distinction should be maintained in the design of the oceanic
subsystem. The system should provide for external users as the National Meteorolog-
ical Center does with its family of services.

Demonstration Projects: Ocean

The method of demonstrating that the information system meets the applications
. objective will be to test the nowcast assimilation algorithm against the existing oper-
ational system at FNOC. The new system will be able to use all unclassified operational
data sources and new research systems (e.g., NASA’s TOPEX, ESA’s ERS-1) to meet
its objectives. The outputs from the demonstration system will be the gridded vari-
ables defined above. The value of each data source will be demonstrated by methods
such as selective omission. Accuracy will be tested by in situ experiments such as
SYNOP, OPTOMA, and WOCE, and forecasts will be tested against the outputs of
the data assimilation scheme.

Performance measures will include the following, and a detailed test plan must
be defined as part of the research program.

* Accuracy Measures—These are defined in the objectives statements and must be
demonstrated in a statistically significant number of cases, accounting for differ-
ent seasons and geographic areas.

* Timeliness—The system must create hourly values of the variables within 1 day.
The system must function as a responsive on-line system to a variety of users.

* System Interface—The system must be simple and responsive to encourage use
by groups of varying levels of expertise.

* Potential for Operational Implementation—The demonstration system must show
the capability for operational implementation (i.e., robust against single point
failures; capable of stable, routine performance without extensive, expert manual
intervention; and having well-defined routine outputs).

The schedule for the demonstration can be summarized as shown below. This will
allow time for final revisions during 1996.

* Component Demonstration—Demonstrate various system modules by 1991 to peer
review group.

* Regional/Regime Experiments—Show capabilities to meet system performance
measures in diverse geographical areas in all seasons. Include periods of week-
long forecasts by 1993.

* Year-Long Prediction System Demonstration in the U.S. Exclusive Economic Zone in
1995.

Technology/Methodology Transfer Process: Ocean

The technology transfer process involves two phases. First, the transfer of hindcast/
nowecast/forecast information products will consist of the successful transition of the
production, distribution, and archiving from a research to an operational status.
Second, the transfer of new algorithms developed during the research phase for data
assimilation and forecasting will mean the distribution and acceptance of these al-
gorithms into the wider research community as a basis for further development. The
operational center at FNOC will implement this process.

Transfer will take place from NASA and Navy, as the principal development
agencies, and from their research collaborators, such as NOAA and NSF. Transfer
will occur to three distinct types of organizations:

* End users whose interest will be entirely in the concrete hindcast/ nowcast/fore-
cast information products
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« Operational services, such as NOAA and the Department of Defense (DOD),
which will become the operational users of the new algorithms

« Researchers who will be users of both the information products and the new
algorithms

For a successful transference, very close teaming between the research and oper-
ational organizations is necessary from the start of the development program. The
programs must be conducted within the context of the constraints on operations,
budget, and personnel of the eventual target agency. Simultaneous relevant events
presented in Figure 5-11 are also critical influences and must be carefully integrated.

There is a set of established and exercised guidelines and practices for NASA and
NOAA cooperation, which must be maintained, and they may need to be elaborated
to specifically support coordination of these applications developments.

To allow successful development and operation, it is necessary to assign overall
responsibility as follows:

« NASA and Navy should be responsible for leading the research program. NOAA -
and other researchers should function as “subcontractors” to NASA; NASA and
Navy responsibility will extend through the period of transfer into operational
service.

« NOAA and Navy should be responsible for operational service. The assumption
of this responsibility must begin with planning for the continuous and smooth
transfer to operational service.

« NASA and Navy will maintain a continuing responsibility for leading further
research in order to consider future improvements. NASA-sponsored research-
ers will be major users of the operational system’s products.

The transfer period is critical, in part because of the necessity for shared responsi-
bility. Planning for a smooth transition should be conducted carefully, with special
attention given to discontinuous changes during the operational transfer (e.g., the
application of user fees to researchers). Plans should be developed to avoid such
problems.

An attempt to outline a total funding start-up, development, transfer, and initial
operation indicates that the undertaking is significant. A rough estimate of approx-
imately $2 million in 1987, followed by a $4-million budget for 1988 and $6 million
for 1989, would be appropriate for start-up. The $8-million level would be roughly
constant through 1991, and then grow to about $12 million for 1992-1995 to support
validation and demonstrations. This total budget would be divided between NASA,
NOAA, Navy, and other researchers. Transition into operational service would prob-
ably demand a government expenditure of about $8 million per year on a continuing
basis. c

Atmosphere Objective

Develop and validate by 1993 an atmospheric information system for weekly, monthly,
and seasonal values of climate parameters including temperature, humidity, rotational
and divergent components of the wind, soil moisture, ice and snow cover, precipitation,
and surface and atmospheric albedo.

The system should provide these values globally at one-degree latitude/longitude
intervals through a process of four-dimensional data assimilation. Temperature and
wind are to be specified at 15 or more levels from the surface to 10 mbs and humidity
at 3 or more levels from the surface to 300 mbs. Desirable accuracies are 0.8° C for
temperature, 3 m/sec for wind, 10 percent for humidity and albedo, and 30 percent
for soil moisture. ,

Achieving this objective will foster research on global atmospheric processes, allow
monitoring on a global basis of short- and long-term climate change, and provide
the capability to develop and validate new extended-range weather and climate
forecast techniques. If the capability is not achieved, we will be less able to detect,
in a timely fashion, important anthropogenic and natural variations in climate, to
understand adequately the sensitivity of climate to external forcing, or to validate
models designed to simulate or predict global climate and climate change. The infor-
mation systems developed under this objective will provide immediate benefits for
decisionmakers involved in economic planning, agriculture, energy, and water re-
source management. Longer term benefits will result from research made possible
by the new information systems.

This particular objective was selected because of the importance of developing an
improved capability for global climate monitoring and prediction, the central role of
remotely sensed data from space in this effort, and the high level of NASA expertise
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in development of geophysical algorithms and in modeling of the global atmospheric
circulation.

Measurement and Model Requirements: Atmosphere

Observations, computers, communications systems for acquisition of observations
and dissemination of information, and global numerical assimilation and forecast
models are the tools required to achieve measurement and model objectives. The
current and projected capabilities through 1993 in each of these areas are summarized
in Figure 5-12.
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Observations include those available routinely at U.S. operational centers (NMC,
‘AFGWC, and FNOC), as well as buoy and satellite observations collected under
national or international research programs. Data requirements are global. No special
new sensor systems are either required or likely to be available to meet the 1993
ob]ectlve, however, continued availability of geostationary and polar-orbiting satel-
lites is assumed. Improved sensing capabilities on planned operational and experi-

" mental satellites are critical to the achievement of the accuracies stated in the objective.

anary limiting factors for success are the accuracy with which algorithms can be
developed for extraction of geophysical data from satellite sensors, the fidelity of
numerical models used for data assimilation, and the inability in this time frame to
obtain wind profiles in the tropics from remotely sensed data.

Current numerical algorithms and models are not adequate to achieve the accuracies
stated in the objective. Major research efforts are required to improve the extraction
of geophysical variables (particularly soil moisture, albedo, precipitation, and water
vapor) from current and planned sensor data, to develop or improve methods for
assimilation of derived geophysical data; and to improve the fidelity of global forecast
models. Both simulated and real data experiments should be conducted to validate
the accuracy of model-generated variables.

An approximate time schedule for the research efforts required to achieve this
objective is shown in Figure 5-13.

Operational System Requirements: Atmosphere

NOAA’s NMC and its component Climate Analysis Center will be the primary
operational centers in which the atmospheric information system will reside.
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Figure 5-13
Research Task Timeline
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NMQC is the core of the National Weather Service analysis and forecast program,
providing forecast guidance to field offices, other Federal agencies, private
meteorologists, and—under a variety of international agreements—to weather serv-
ices of other nations. The Climate Analysis Center analyzes and disseminates real-
time climate information and issues monthly and seasonal forecasts of average
weather conditions. Both of these organizations have research and development
components and researchers from the operational centers would work collaboratively
with NASA scientists in development of the new information system.

Since 1978, NMC has run a global data assimilation system as part of its routine,
daily operations. This system, developed collaboratively with NASA to support the
Data Systems Test and Global Weather Experiment, is now a fundamental component
of the Center’s numerical forecast and climate monitoring function.

Improved methods for data assimilation developed under this objective will replace
or update the present global capability of NMC. Thus, the atmospheric information
system must be designed to fit within feasible operational constraints.

User requirements. Because an operational meteorological assimilation system is
currently in place and serves a multitude of users, requirements are strict for con-
tinuity, stability, timeliness, documentation, and well-characterized products for the
operational component of the new information system. The new system must meet
the standards of the ongoing system from the very first day of operation. To become
operational, new techniques will need to undergo quality control and verification
and will need to be documented according to operational standards.

Systems for dissemination of information are likewise in place. Thus, planning for
information access and dissemination will need to take into account existing systems
and the needs of users of these systems. NASA and NOAA plans for providing this
information to users will need-16 be fully coordinated. In general, each agency is
likely to identify its users and respond to their particular requirements. Information
and, whenever feasible, systems generated under this objective should be shared
between the two agencies.

The information system must be improved as new sensors become available or
better techniques are developed for data extraction, data assimilation, or modeling
of the global atmosphere. This will require a continuing research component of the
system, probably maintained by NASA, with full access to both operational and
research data. Capabilities must be maintained to rigorously test the validity of new
procedures against those in use in the operational system and to document the effects
of the changes to users.

Data delivery. The weekly averaged data generated by the operational component
of the information system should be available 1 day after the data have been assimi-
lated at the end of the normal work week. Monthly averages should be available
within 2 days after the end of each month. Because of the constraints that will exist
within an operational environment and the utility of intermediate assimilations for
operational forecasting, the assimilation process must be carried out routinely each
day, with a time delay of no more than 6 hours between taking an observation and
its use in the assimilation system.

The research component may operate in a much more delayed mode. However,
it must be designed to assimilate a day’s data in less than a day to provide timely
results to NASA principal investigators. .
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Computational resources. 'Peak processing rates required for retrieval and assimila-
tion of data with the resolution and accuracy required are of the order of 10 gigaflops.
Céntral memory requirements are at least 32 million words. Computer resources of

" this magnitude will be available, during the time period considered, at only a few
major operational and research centers. We anticipate that by about 1990 NOAA’s
NMC and perhaps several NASA laboratories will have this capability.

Cost. In operational use, any additional capabilitiés need to be conservative and
inexpensive. They should not dramatically alter the operational system, and the
incremental cost to use the new capability should be only a few percent of the
ongoing operations costs.

The atmospheric information system must take into account the existence of an
active commercial market for weather services. The design should avoid any negative
competitive impact on this commercial marketplace. The design can and should
ensure stability in performance as a basis for future markets.

NOAA has a requirement to charge user fees where there are marginal additional
costs of serving users. Because the products of the operational information system
will fall within the usual role of NMC, the fees will likely be hookup fees and nominal
charges for any additional computer time for handling the service of outside users.

: One unique feature of the atmospheric information system is its potential impact

- on a long-standing collaboration among all nations through the World Meteorological
Organization. All weather data acquired worldwide are freely shared (at no cost)
with all nations through this organization. This system must not alter that arrange-
ment nor have an adverse impact on it.

Demonstration Projects: Atmosphere

The method of demonstration for the atmospheric data system will be first to test
the system against the existing operational system at NOAA/NMC. The new system
to be developed will be able to use both existing, unclassified operational data sources
as well as new research data sources (e.g., NASA’s TOPEX, ESA’s ERS-1) to meet
its objectives. The demonstration outputs will be the grids of parameters (defined
in the objectives section) produced by the assimilation algorithm. Accuracy will be
tested by special validation data sets. These validation data sets may be historical
(e.g., from the Global Atmospheric Research Program) or acquired during validation
exercises by new instrumentation to be available at that time (e.g., wind profilers).

A variety of performance measures will need to be considered to evaluate overall
system performance. Part of the research plan will be to define an acceptable test

- plan. These measures include the following: -

s Accuracy Measures—These are defined in the statement of objectives, and they
must be demonstrated in a statistically significant number of cases in several
different weather regimes.

Timeliness—The climatology system must create weekly values within 1 day after
the end of the week. The system must function as a responsive on-line system
to a variety of users.

System Interface—The simplicity and responsiveness of the system will be an

important factor in determining the number of potential users, which will be a
significant evaluation parameter.

Potential Operational Implementation—The demonstration system must show the
capability for operational implementation (i.e., robust against single point fail-
ures; capable of stable, routine performance without extensive, expert manual
intervention; and having well-defined routine outputs).

A year-long demonstration will be conducted from mid-1991 to mid-1992. This will
provide sufficient time to demonstrate the system performance in various regimes
of weather to a variety of users.

Technology/Methodology Transfer Process:
Atmosphere .

Two types of developments are being transferred. Retrospective/present/forecast
information products will undergo the transition of their production, distribution,
and archiving from a research to an operational status. The new algorithms developed
during the research phase for data assimilation and forecasting will begin to be
distributed to and accepted by the wider research community, providing a basis for
,fqr,ther development. Algorithms will also be transferred to NMC for operational
implementation. ,

trategic Vision

The new system to be
developed will be able to
use both existing,
unclassified operational
data sources as well as
new research data
sources . . . to meet its
objectives.




To achieve successful
transfer . . . very close
teaming between NASA
and the NOAA
operational agencies is
necessary from the start of
the development program.

Transfer will take place from NASA, as the principal development agency, and
from its research collaborators. Transfer will occur to three distinct types of organi-
zations:

» End users, u}hose interest will be entirely in the concrete retrospective/present/
forecast information products

+ Operational services, principally NOAA/NMC _ :
« Researchers, who will be users of both the information products and the new
algorithms  ° '

 To achieve successful transfer, it is clearly recognized that very close teaming
between NASA and the NOAA operational agencies is necessary from the start of
the development program. In addition, the development must be conducted within
the context of the constraints on operations, budget, and personnel of the eventual
target agency. Simultaneous relevant events shown on the timeline (Figure 5-13) are
also critical influences and must be carefully integrated.

To ensure that the research phase is focused on operational problems, research
must be done in close collaboration with the operational centers. It is equally impor-
tant that the operational setting be receptive and ready to implement the new
techniques. There are several ways to achieve this, but the best include some inter-
change of personnel and the colocation of some of the activities with the operational
center.

We therefore propose a model for the activities along the following lines:

+ All participants must agree (at a minimum) on the “numerics” inherent in the
(< operational model to be used throughout the research activities. S
« Part of the research must be undertaken by academic or NASA personnel at the
site of the operational center (to this end, NOAA would make available office
space, some personnel, and access to the operational computers as its contribu-
tion to the activity).

+ At the operational center, research would be done on the actual hardware and
operational models to develop and test assimilation techniques and forecast
capabilities. (This would allow tests of timeliness and the fit of the techniques
into the operations; it would also likely lead to early transition to operations of
some simpler techniques as they are developed.)

« Part of the research should be undertaken at major research centers (e.g., God-
dard Space Flight Center), where the operational agencies would place a small
cadre of operational personnel to take part in the research.

« Research at these centers would be of a more speculative and risky type, and
there would be no constraints on the timeliness of the activities (the long-term
and more dramatic changes in the operational systems could be investigated
better here).

Personnel should be rotated between the operational and research settings on
some reasonable time frame. '

NASA and NOAA have an extensive history of cooperation, and there is a set of
established guidelines and practices for such cooperation. It is important to maintain
awareness of these policies and to elaborate them as required, specifically to support
coordination of the development for these applications. :

To allow both successful development and operation, it is necessary to assign
overall responsibility to the two agencies. The assignments understood include the
following: : T

« NASA and NOAA should share and apportion responsibility for the research
required to develop the new information system. NASA’s shared responsibility
will extend from the research phase through the period of transfer into opera-
tional service. o

NOAA should be responsible for operational service. The assumption of this
responsibility must begin with planning for the transfer to operational service;
transition of responsibility from NASA to NOAA must be continuous and
smooth.

'NASA will maintain a continuing responsibility for further research in order to
consider future improvements. NASA researchers will be major users of the
operational system’s products.

The period of transfer is a critical one, in part because of the necessity for shared
responsibility. It is important that planning for a smooth transition should be carefully
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conducted. As a component of this planning, special attention should be given to
avoiding changes that would cause discontinuity at the time of operational transfer,
particularly such items as the application of user fees to researchers. Plans should
be developed to avoid such problems.

An attempt to outline a total cost of this program, from development and transfer
through initial operation, indicates the significance of this undertaking. A rough
estimate of approximately $2 million in 1987, followed by a $4 million budget for

1988 and $6 million for 1989, would be appropriate for start-up. The $8 million level

would be roughly constant from 1990 through 1996. ‘
NASA and the operating agencies both would commit resources with appropriate
shares yet to be negotiated. It is assumed that, to a large degree, funding would be
provided from reprogramming of available monies; however, additional funding may
be required to attract a sufficiently large and talented group of academic researchers
to the program and to accomplish technology transfer from research into operations.

Information System Requirements:
Ocean and Atmosphere

The ocean and atmosphere applications differ from the nonrenewable and renew-

- able Tesources applications in that a large government-owned and operated, inte-

grated system of data handling exists within the ocean and atmosphere operational
agencies. The major need is to link the existing operational facilities with research
centers within NASA and with the external research communities for the purpose
of improving forecasts. This linkage should include limited on-line communications

facilities, the mailing of data products, and the exchange of personnel. At a later

stage, a larger community will need to gain access to the gridded data fields.

Users : -

The users involved in the ocean and atmosphere applications will vary during the
five phases envisioned for the program.

Initial phase. The National Meteorological Center, the Fleet Numerical Ocean-
ography Center, the Naval Oceanographic Office, and the Goddard Space Flight
Center will serve as lead institutions and will establish their terms of reference and
plan their joint activities.

Development phase. During the development phase, additional institutions will be

- added to those active in the initial phase. The aggregate of about 12 will participate

in the development and testing of new algorithms. The National Center for Atmo-
spheric Research, the Institute for Naval Oceanography, the Geophysical Fluid
Dynamics Laboratory, and several universities will join the program for this phase.

Demonstration phase. During the demonstration phase, additional university
researchers and the international community will be added to the program, and all
of them will assist in testing the new routines. A total of about 30 institutions is
envisioned.

Transfer phase. During the transfer phase, the accepted algorithms will be trans-
ferred from the research groups to the National Meteorological Center, the Fleet
Numerical Oceanography Center, and the Naval Oceanographic Office.

Operational phase. The operational centers will use the new techniques and al-
gorithms to provide data to their operational users and to future researchers.

Data
With the exception of the test data sets required for the development phase, the

_required data will be available from the existing and planned operational data systems.

Remotely sensed data. Data will be used from all existing and planned weather-
and ocean-related satellites (see Figures 5-11 and 5-12, respectively, for timelines of
the ocean and atmosphere data resources).

Validation data. These will include sample data from all operational sources for
specified periods. About 100 high-density tapes, resident at Goddard Space Flight
Center and moved on request by mail to development phase users, will contain the
basic data needed for this activity.

Auxiliary data.  All currently used in situ data from the operational systems will
be used (see Figures 5-11 and 5-12).

A Strategic Vision

The major need is to link
the existing operational
facilities with research
centers within NASA and
with the external research
communities for the
purpose of improving
forecasts.
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NASA should support a
project bulletin board for
users and a standard
algorithms library and
should provide the
necessary
communications networks
for all user service
functions.
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Standards for Quality Assessment and Documentation

Data standards and format guidelines for data products are being established
internationally by the Committee on Environmental and Operational Satellites and
the Consultative Committee on Space Data Systems. Using currently accepted oper-
ational formats as a starting point, and with the cognizance of the Committee on
Environmental and Operational Satellites, we recommend setting up a standards
working group composed of participants in the application program. Standards for
in situ data must also be considered. ey

A directory of the NOAA environmental satellite and other archives (inclu‘dihg
libraries of standard test data) should be available on-line, showing holdings and
their locations. A query-based catalog to provide additional information and a browse

file containing sample data should also be available. These capabilities would permit - ‘

users to order the data required. The outcome should be a delivery order for the
data via magnetic tape by use of an on-line ordering capability. This total capability
could be developed as an extension of the present NOAA/NEDRES system and other
directory and catalog systems being operated and developed by NASA.

NASA should support a project bulletin board for users and a standard algorithms
library and should provide the necessary communications networks for all user
service functions.

Software regularly supported by existing operational facilities will be needed. This
includes operational algorithms for data quality control, data analysis initialization,
and forecast models. The Global Data Assimilation System and Geophysical Data
Record operational algorithms will be needed. Research-generated developmental
algorithms (nonoperational software) will be used.

Existing and programmed computational facilities at NMC, FNOC, and GSFC,
augmented by a high data rate communications link between NMC and GSFC, are
required to support the shared computing environment. The use of existing and
programmed computing facilities at participating outlying laboratories (e.g., GFDL,
NCAR, INO, and universities) and international collaborators is anticipated. Some
augmentation will be required for input/output at NMC and GSFC. A relatively
modest computer and programming support effort will be needed at GSFC to maintain
the directory, catalog, inquiry system, bulletin board, algorithm library, and browse
capability. No major new purchases are identified.

Improved access to in situ data is needed. This requires continued support of such
programs as NOAA’s Shipboard Environmental Data Acquisition Program, Data
Collection Platforms Program, radiosondes, and so forth. It also requires some aug-
mentation of existing archival data bases and continuation of the upgrades to the
Global Telecommunications System. There may be a need for work stations with
color graphics at some research sites. No new large developmental tasks or major.
new purchases are identified. It is assumed that it will be possible to work coopera-
tively with ongoing programs on the ground and in space (e.g., Genesis of Atlantic
Lows Experiment [GALE], WOCE, ERS-1, MOS-1) and that interfaces with data bases
from other disciplines will be established to augment the data collected specifically -
for this program.

Recommendations

To be positioned to utilize prospective oceanic and atmospheric satellite data -
streams effectively for applications as well as scientific research, a research program
on four-dimensional data assimilation schemes (i.e., the integration of all available
germane observations with the aid of appropriate models to make full four-dimen-
sional field estimates) is recommended for both oceanography and meteorology. The
applications focus is the oceanic mesoscale and the atmospheric long-range weather/
short-term climate scale. To implement this recommendation, an information system
will be required that enhances the existing operational information systems to include
university and other researchers in a fashion that meets their particular needs.

To ensure timely results, and a successful transition to operations, a series of
oceanic and atmospheric prediction experiments and demonstrations is recom-
mended.
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Information System
Architecture

’I-}'ne information system is being viewed
as the key to major advances in the application of remote sensing. The recent report
of the Earth System Sciences Committee entitled “Earth System Science: A Program
for Global Change” asserts:

Of paramount importance to the success of Earth System Science is an-advanced infor-
mation system that will promote productive use of global data. The worldwide space
and in situ observations required for a deeper understanding of the Earth System can
be utilized only if the research community has effective access to them. The design,
development, and management of the requisite information system are tasks that ap-
proach, in scope and complexity, the design, development, and operation of space-based
observing systems themselves.

What is envisaged is the gradual and symbiotic development of a system where the
users might access disparate data sets at many geographic locations within the re-
search and applications communities to perform a complete spectrum of studies
ranging from specific individual efforts to broad interdisciplinary problems. The
selection, here, of specific applications to drive development of the information
system recognizes the need to proceed as quickly as possible with some relatively
modest first efforts while acknowledging the need to anticipate and foster more
extensive future technical capabilities.

“In the more specific terms of this remote-sensing applications approach, data from
numerous instruments and other sources will be required by multiple users in Federal
agencies, academic institutions, and private industry. Rather than satisfying data
and information requirements and capabilities piecemeal, the attempt is made to
develop an overall umbrella concept early in the program, which can serve as the
basis for a cohesive, integrated approach to the system architecture. This approach
should be more productive, be burdened with less ultimate overhead cost in terms
of personnel and logistics, be more transferable to the ultimate users, and better
facilitate the broad disciplinary and interdisciplinary studies than a more uncontrolled
one.

Applications Information System Architecture

. There is considerable commonality in the information system requirements of the
renewable and nonrenewable resources applications programs. This is because they
use many of the same data sources, and the methodologies employed by the inves-
tigators are similar: they both require that remotely sensed imagery be geocoded and
use similar geographic information systems. Thus, it is possible to describe a single
system concept for the renewable and nonrenewable land resources applications
programs and expect that it can be implemented.

It is also true that the ocean and atmosphere applications have a similar level of
commonality. Thus, a single system concept and implementation appear possible
for the ocean and atmosphere applications programs.

It is unlikely that all elements of the systems serving the land resources and the
ocean and atmosphere disciplines can be used in common. It is also unlikely that
the large-scale facilities the operational agencies use in the ocean and atmosphere

P

A Strategic Vision

A large degree of
commonality does exist
for some elements of the
[resources and oceand
atmosphere] subsystems.
Thus, it is believed

that a single unifying
Applications Information
System concept is possible
and advantageous.
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The subsystem
architecture

should consist of modules
that can be added to one
another to form an
integrated system . . . .
This subsystem is
compatible with the Eos
architecture and will
probably be one of the
forerunners of that
system.

Support Information e
- Subsystem -

Geo-coded. Data
Repositories

Resource Information Subsystem

" Commercial Satellites — EOSAT, SPOT. ...

programs would be available for the land resources applications programs.. The
differences between the current heavy emphasis on imagery by the land resourees
applications community and on gridded digital data by the atmosphere and oceam
applications community lead to fundamentally different demands on the compsia-
tional and data distribution resources. These factors have led to separate subsy
concepts for these two components of the applications program. It is emphasi
however, that cross-discipline exchange of data is a desirable goal, even in t
initial applications. Planning should include provisions to facilitate this process |
the expectation that these will lead to increased cross-discipline data use in the futu
However, a large degree of commonality does exist for some elements of the Gise
subsystems (e.g., for the user support functions, which include the directories, -
catalogs, browse files, inquiry networks, ordering subsystems, their connecting me#
works, and their documentation). Thus, it is believed that a single unifying Applica-
tions Information System concept is possible and advantageous. This concept would .
employ common components where possible, but separate components where imdi-
cated by agency or technological constraints. <

Resources Subsystem

Because of the wide diversity among the resources application demonstration
objectives and their associated test sites, a distributed data and processing subsystem
with a central user support capability is suggested.

As discussed in the previous section, the various investigators will be drawn from
government, industry, and university communities. Each investigator will contribute
to the building and use of a data base related to his or her test site. This data base
will contain remotely sensed and in situ data, which will be merged, processed, and
manipulated to derive the information desired for the investigation. In addition to
the measuremenits, the user data bases may contain existing knowledge and ogher
information related to the test site, such as climatic conditions, topography, geolagg,
vegetation cover, land use, and depth to the water table. The investigators will be
expected to generate special data sets needed by their models when they do not exist.

The user data bases are a central feature of the Resource Information Subsy sken
functional diagram presented in Figure 6-1. Primary inputs to these data bases) will

Figure 6-1

| Modelsand [iE : - - R
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Archives

Government Satellites — U.S. (NASA, NOAA), Japan, ESA....

Mapping Agencies and Outlets
Land Applications Archive
Other
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m the geocoded data repositories and archives, which provide data in standard
for all users of the subsystem. It is anticipated that the repositories will encom-
ss the mission and instrument repositories for many spacecraft, including United
tates and foreign operational land remote-sensing satellites. The archives will consist
Iready existing ones, such as the Department of Interior’s EROS data center, as
well as archives that may have to be established as a result of this program. The
inputs for the user data bases also include special data sets generated by the users,
~ including especially those related to the test sites. There will need to be mutually
. agreeable access procedures relative to proprietary commercial and other controlled
| data.
As Figure 6-1 shows, the user data bases serve as the inputs for the user algorithms
and'models. By the use of those algonthms and models, the users derive information
wlnch after validation, is the primary product of the endeavor. This derived infor-
mation, in addition to being disseminated by the usual publications and other distri-
bution methods, serves as an input for further investigations. After appropriate
Screening against established criteria and standards, the information and data sets
#hat are of general utility are placed into the archives for later use by others both
b ﬁrﬂun and outside the project.

A central part of the Resource Information Subsystem is the User Support Informa-
’Qm Subsystem. It assists the users in acquiring and understanding their data and
R pm_qwdes technical assistance. The User Support Information Subsystem should con-
' taim a directory listing available data and services and their locations. It should

previde access to catalogs detailing the characteristics of the available data and of
i dasuments that describe such factors as data content, data preprocessing, and instru-
; mnt calibration. In some cases the subsysterh may provide access to on-line browse

and should also provide technical assistance or referral to needed assistance.

Users should be-able to make i mqumes to the User Support Information Subsystem

aad receive information from it via standard public or private electronic networks,

m@ludmg ARPANET, NSFNET, SPAN, and the PSCN.

Once the desired data are identified and located, a user will request them from
the appropriate repositories, archives, and other sources. In addition to the remotely
sensed data, the user can request other geographic information, such as digital data

~ files and maps related to topography and vegetation cover. These latter data may
reside in commercial or public entities.

At least for the applications considered in this report, the requested data are
~ expected to be delivered to the users on magnetic tapes or optical disks by mail,
because the investigations will have a relahvely low data volume and the phenomena
being mapped’ or monitored will be varying slowly -(the proposed measurements
' being on an annual or seasonal basis). Later applications, however, may require
mgre rapid data delivery.

The subsystem architecture should consist of modules that can be added to one
amother to form an integrated system. It should be distributed both geographically
aad functionally, but with electronic communications to support the queries of the
‘ aemtral directory, catalogs, and browse files, and other services. Also, it should include
text exchange between users and an electronic bulletin board: This subsystem is
eempatible with the Eos architecture and will probably be one of the forerunners of
-that system

Ocean and Atmosphere Subsystem

A chstmgulshmg feature of the information system for the ocean and atmosphere
E apphcatlons is that it will draw heavily on the established operational systems of
1 NOAA, the Navy’s Fleet Numerical Oceanography Center, and the Air Force Global
Weather Central. The three-agency operational environmental services system antic-
1pated for the period under discussion is shown in Figure 6-2. A summary of the
expected. capablhtles and the timelines for unplementmg them are indicated in Figures
5-11 and 5-12-in Section 5. This complete system is based on an understanding
between the three operational agencies that the primary contributions to the coordi-
nated services will be quantitative atmosphenc soundings, quant1tat1ve ocean
parameter fields, and cloud and surface imagery, respechvely, it is currently
budgeted To link this operational system to the nation’s major governmental and
wmiversity research programs, the connections to the NASA experimental programs
: ; rmd to the National Science Foundation Unidata system are indicated. The primary
[ awchives for the operational data are NOAA’s National Oceanographic Data Center
: and National Climatic Data Center; NASA’s National Space Science Data Center
serves as the archive for a portion of the research data.
Angmentatlons of this basic capability to support the apphcatlons program are
slown in Figure 6-3. Figure 6-3 represents the minimal configuration needed to

A Strategic Vision

This [information]
subsystem would allow
multipoint, real-time
access to the full range of
operational, experimental,
~and test data, as well as
to the supporting
directory, catalogs,
browse files, algorithm
and test data libraries . . .
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* European Space Agency
" Japan support the initial objectives of this program. The operational capabilities described
E in the preceding paragraph and outlined in Figure 6-2 are indicated within the top

oval of Figure 6-3. A very high-rate link would be added between the National
Meteorological Center and the Goddard Space Flight Center (GSFC) to permit the
sharing of data and results. Two libraries, one for standard algorithms and the other
for test data (both standard and site-specific), would be established at GSFC. Data
would be distributed from these libraries via magnetic tapes.

A number of other centers and universities would be associated with this program.
Presently envisioned entities would include NOAA's Geophysical Fluid Dynamics

- Laboratory (GFDL) at Princeton, the National Center for Atmospheric Research, the
Institute for Naval Oceanography, and a group of universities, including those indi-
cated in the diagram. In the minimal configuration of Figure 6-3, these centers would
not receive their primary data electronically from the central system but would receive
them via magnetic tapes.

As in the case of the Resources Subsystem, a central feature of this subsystem is
the provision for user services. These functions in the minimal configuration would
be fulfilled by NOAA'’s National Environmental Data Referral Service (NEDRES) for
the operational data, as indicated at the top of the diagram. GSFC would carry the
responsibility for the user services communications network.

The final operational network configuration indicated by dashed lines in Figure
6-3 makes four important additions: (1) it adds a high-speed data link between GSFC
and the GFDL; (2) it adds data links to the National Center for AtmospherieResearch,
the Institute for Naval Oceanography, and participating universities; (3) it establishes
a major communications node at GSEC to handle the flow of research data; and (4)
it establishes a major user service center at GSFC, providing all of the functions
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It is suggested that [the]
User Services System be
expanded in an
evolutionary manner to
serve as an integrated
component of the Eos
program when it becomes
operational.
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described earlier for the Resources Subsystem. This composite subsystem would
allow multipoint, real-time access to the full range of operational, experimental, and
test data, as well as to the supporting directory, catalogs, browse files, algorithm
and test data libraries, user telecommunication and bulletin boards, and other ac-
tivities, using GSFC as a central distribution and service center node. This is only
one of many possible architectures for the ocean and atmosphere subsystem. The
final configuration will depend on negotiations between participating agencies and
will be based on studies of complementarity between the information system assets
of the participants.

Common Features

The two subsystems described above have several common features. Most notable
is the requirement for similar user support services, including inquiry and coordina-
tion communications networks. It is recommended that a single User Services System
be established and operated for this program and that it serve as the prototype for
such a system for the entire range of applications research in the future. Specifically,
it is suggested that this User Services System be expanded in an evolutionary manner
to serve as an integrated component of the Eos program when it becomes operational.

The development of this system should take full advantage of the thinking, plan-
ning, and actual work already_completed and underway within the Pilot Climate
Data System project, the Pilot Ocean Data System project, the Pilot Land Data System
project, the Eos program, the Science and Applications Information System project,
and others. Special care should be taken to ensure that the system follows the
principles for space science data management identified by the National Academy
of Science’s Committee on Data Management and Computation. Finally, it should
be carefully related to the planning of the Space Station.

An additional advantage of the common central User Services System is that it
should also serve as an integrating influence for the entire system, encouraging the
development of standard command languages and other user tools. It should also
stimulate the use of common data formats and communications protocols to facilitate
the widespread exchange of data.

Transfer to Applications Operators

The difficulties of transferring technology from a research and development (R&D)
to an operational group varies widely depending on the nature of the technology
and the organizations involved. If the R&D and operational groups are parts of the
same organization and the R&D organization has responded to the requirements
established by the operational groups, the process will generally be straightforward,
prompt, and relatively painless for both parties. If the operational group has paid
for the R&D, it will work even better.

If, on the other hand, an R&D group from one organization has invented and
developed a new technology entirely independently of an operational group from
another organization, the transfer process will be more difficult and take more time
and money. Unfortunately, this has been the usual situation. In addition, if the new
technology is complex and costly and is replacing an existing, well-understood, and
time-tested system, the transfer process becomes even longer and more costly. If
there is a budget office involved that is directing the operating agency to absorb the
new technology within its existing budget, the process becomes virtually impossible.
In general, if the two groups want to effect a transfer, a method will be found; if
one group opposes, or simply is indifferent to a transfer, then it will not happen.

The following considerations may be helpful:

« Operational groups must be careful about introducing new technology before
the technology is ready or the operating group is ready to receive it.

« Colocation of the operational staff with the R&D group during development
and of the R&D staff with the operational group during the transfer, as planned
between NASA and NOAA, is a very good procedure and should be encouraged.
The R&D group should understand the operational constraints as early as pos-
sible, and the operational group should be involved in developing the new
technology to understand operational potential. Exchange of personnel may
have its-problems, however, particularly if the operational and R&D staff come
from organizations with markedly different salary structures and motivations,
such as between a university and an industrial organization.

Mutual understanding is required between the two groups as to the people,
their training and availability, and who will be responsible for the transfer.
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* The operational group should probably fund the transfer (but not necessarily
the R&D). An operational organization may not be willing to allow its ongoing
operations to be affected by an R&D group’s ability to obtain transfer funding
or by its willingness to disrupt its R&D work to support the transfer.

* There must be a very clear understanding as to which group is in charge during
the various phases of the development and transfer processes, and a specific,
clear, and well-understood time when a transfer of responsibility is to take place.
The operational group should be responsible for the transfer for the same reasons
that they should have the funding to pay for the transfer.

* The process used by NASA and NOAA to develop and operate the meteorolog-
ical satellite systems is a very good model which has worked well for about 2
decades.

Specific to this program, transfer of the successfully demonstrated applications to
operators should include the transfer of at least some portions of the information
system. A group wishing to place a new application into operation should not have
to design the information system anew. More importantly, the new operators may
miss critically important aspects of the information system that were worked out
during the application demonstration and therefore be less effective or delayed in
reaching operability.

For the ocean and atmosphere applications, the future operational agencies will
be involved in the program from the start and, therefore, should be able to place
the results into operation quite naturally and easily, assuming careful preparation
and documentation. This may not be true to such an extent for the resources appli-
cations. For the sake of future operators not involved duting the conduct of the
program, it is critically important to proceed from the beginning with the expectation
that efficient transfer of the results and processes to previously uninvolved groups
will be desired.

Because parts of the information system described in the last section will be Federal
agency operational facilities that will be retained by those agencies after completion
of the demonstration, it is unrealistic to expect the transfer of an entire physical
system to a new organization. It is helpful to distinguish between the components
that may and may not be transferred. For the purposes of this plan, a distinction is
made between the transfer of (1) concept and architecture; (2) guidelines, formats,
and protocols for data, interfaces, software, and documentation; (3) detailed design
plans; (4) actual software; and (5) actual hardware.

It should be assumed from the beginning that items 1, 2, and 3 will be transferable
in their entirety and, thus, should be documented very carefully. This documentation
should be oriented toward the transfer process and the operators and should involve
the use of professional technical writers, editors, and layout/graphics specialists.

Most of the software (item 4), both application-independent (system, utility, ser-
vice, etc.) and application-deépendent (processing algorithms, models, etc.), should

also be transferable. Software should be written to be as nearly machine-independent.

as possible to facilitate transfer to organizations using different equipment. Care
should be taken to facilitate the transfer of both the software per se and its documen-
tation.

Although some parts of the information system hardware (item 5) may be transfer-
able, much of it will not be. As mentioned before, the large-scale computers will
almost certainly remain with the agencies that offered their use for the demonstra-
tions. For example, the User Support Information Subsystem will most likely be an
integral part of the continuing archive services of the participating agencies. This,
plus the fact that there may be multiple future operating agents, means that the
program should use commercially available, off-the-shelf equipment wherever pos-
sible to make it relatively easy for other groups to replicate the physical capabilities.

It is also stressed that additional applications demonstrations and other research
will be performed far into the future. Therefore, arrangements for providing data
from the operational systems for future research purposes should be an integral part
of the transfer process.

Recommendations

In connection with the planning and building of the Applications Information -

System, specific recommendations follow.

* The Applications Information System should include a central Support Information Sub-
system serving both the resources and the ocean and atmosphere applications.
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The functions of this subsystem should include a central directory, catalogs, browse
files, bulletin board, message exchange, inquiry network, documentation, applica-
tions-independent software, and technical assistance. The inquiry network should
present a single, uniform, and stable interface to the users and should be accessible
via standard terminals and commercial telephone lines. The directory should provide
information about the existence and location of data and methods of access to the
catalogs for all remotely sensed, ancillary, in situ, test, and validation data and other
data likely to be needed for these applications demonstrations. The catalogs (normally
located with the data sets that they cover) should provide additional information
sufficient in most cases for the investigators to be able to determine whether they
wish to order the data. An on-line ordering capability should be considered.

» The Applications Information System should be planned and built following a modular
approach, with structured interfaces.

This approach should aid future expandability, transferability to future operators,
and future new research programs.

o The Applications Information System should utilize, to the greatest extent possible,
existing commercially available equipment, software, and technologies.

The use of readily available components should decrease the time required to build
the system and the probability of schedule delays and cost escalation. In addition,
it should facilitate the replication of the capabilities by those who take over the
operation of the applications after the demonstrations. The system should retain the
flexibility to incorporate new technologies as they become available, useful, and
cost-effective over the lifetime of the program.

o The Applications Information System should adopt existing and emerging data format
standards, software standards, and interface protocols.

Standards dealing with data exchange such as those promulgated by the Consul-
tative Committee on Space Data Systems, the Committee on Environmental and
Operational Satellites, and other national and international bodies should be adopted.
In addition, opportunities should be sought for improving the transportability of
data, software, and hardware by the adoption of other applicable standards as they
evolve.

o The program should be planned and executed with active, participative interaction between
the research activities and the potential future operators.

The collaboration between the researchers and future operators should be started
from the beginning of the program. The future operators should be expected to
contribute substantially to designing the information system so that it can best meet
its intended objectives, with maximum potential transportability.

* An Applications Information System oversight function should be put in place from the
beginning of the program.

This oversight function should include membership from industry, government,
and universities, with specialists from both the application and technological disci-
plines. This group should review the system planning, design, and operation; recom-
mend data management policies; and provide guidance on matters such as data
acquisition, retention, upgrading, and purging.
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Evaluation Criteria

'I:lrough research proposals, NASA pro-
vides the scientific and technical communities with opportunities to contribute to
NASA programs. These opportunities include proposing and conducting research,
developing instruments and flight equipment, participating in data analysis, and
transferring the applications technology.

There are both general and specific guidelines that should be observed in evaluating
and selecting applications research proposals submitted in response to NASA solici-

tations. These guidelines also can aid potential participants in structuring their re- -

search proposals.

Types of Solicitations

NASA solicits proposals formally through the Announcement of Opportunity and
invites unsolicited proposals through “Dear Colleague” letters. Unsolicited proposals
are encouraged at all times, and all proposals are evaluated according to established
procedures. The Announcement of Opportunity is a competitive solicitation used
~ for major projects having specific, approved sources of funding and is published in
the Commerce Business Daily prior to formal release to the research community. The
“Dear Colleague” letter (sometimes called a Space Science and Applications Notice)
is a notice that proposals are desired to meet general program objectives; it is not
tied to a specific flight instrument or project. Nevertheless, unsolicited proposals
can be submitted to NASA at any time for unique and innovative research that will
benefit the agency’s mission.

Concerns

In general, the nature of research in science and applications involves the develop-
ment of techniques and the acquisition of data for the public good and in the public
domain. One can envision cases in which the results from basic science are applied
to a practical objective and then tailored to provide commercial benefit. Because
applications-related research involves the transfer of technology to users who sub-
sequently may develop commercial applications, program concerns exist that are
uniquely different from those of basic science research.

Conflict of interest is one of the basic concerns to be considered in evaluating appli-
cations research proposals. The Office of Space Science and Applications (OSSA)
intent in supporting outside investigations is to advance research in science and
applications, not to advance commercial objectives or ventures per se. Investigations
that propose the development of proprietary techniques, commercial instruments,
or commercially restricted data place OSSA in conflict with the intent of its research
process.

Commercial joint ventures between the privé’te sector and the government, which
involve shared costs and only address strictly commercial objectives (as distinct from
research objectives), raise another concern.

International cooperation in science and applications research is normally arranged
with no transfer of funds and in accordance with international agreements. Technol-
ogy transfer in anticipation of the development of new international commercial
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ventures raises a number of questions that need to be addressed. Generally, interna-
tional transfer of critical aerospace technologies is not encouraged.

One goal of applications research is to transfer technology to potential government
or private sector users in the United States, and therefore the conduct of this research
should demonstrate the intent to involve users in some portion of the proposed
effort and, ultimately, to transfer some capability to them. However, this transfer
should not use government resources unfairly to compete with potential commercial
ventures.

Scientific research involves increasing scientific knowledge and understanding. Applica-
tions research is conducted to advance the public good in some practical sense. Commercial
programs are conducted to promote commercial uses of space and to create new oppor-
tunities for the industrial economy of the country.

A public domain applications research proposal should have, asa critical element of its
final objective, the transfer of any technology and/or models that result from the
research program. Applicants proposing public domain research programs could be
drawn from the complete cross-section of the research community, includingFederal
agencies, universities, and the private sector. NASA would be one principal source
of funding for public domain research proposals.

A commercial joint venture proposal, on the other hand, would have as its final
objective the ability to provide a service or a salable product. The community pro-
posing commercial joint venture programs would probably consist of private sector
and university researchers, with funding being drawn from both NASA and the
individual members of the joint venture.

Evaluation Procedures

Applications Proposals

For evaluation purposes, proposals for applications-oriented research will be di-
vided into two broad categories:

* Public domain
» Commercial joint ventures

Figure 7-1 presents, in table format, the principal distinguishing characteristics of
these two categories.

Public Defined Government Government, Defined

Domain Technology University, & Technology
Transfer Private ' Transfer
Sector Plan

Commercial Enhanced Private Private Defined
Joint Commercial . Sector & Sector & Business
Venture Productor Government University Plan
Service

Scientific Proposals

The principal elements considered in evaluating a scientific proposal are its technical
and programmatic relevance to NASA'’s objectives, its intrinsic scientific or engineer-
ing merit, the qualifications of the investigator and the investigator’s institution, and
the overall cost (exclusive of the amount of cost-sharing, if any).

These same elements are fundamental and should apply as the principal elements
to establish validity and credibility. The extent of evaluation will vary depending on
whether a new project is proposed or the effort is a continuation of ongoing work
that may require full review every 2 or 3 years. P

Several evaluation techniques are used regularly within NASA. In all cases, how-
ever, proposals are reviewed by specialists in the discipline of the proposal. Some
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proposals are reviewed entirely in-house where NASA has particular competence;
some are evaluated by a combination of in-house specialists and selected external
reviewers (university, other agencies, commercial, and private); others are subject
to full external peer review techniques (with due regard for conflict of interest), either
by mail or through assembled panels or a combination thereof. Regardless of the
technique, the final decisions are always made by NASA staff.

The fundamental aim of the proposed investigations is to acquire those unique
ideas and capabilities that best fulfill a stated scientific, applications, and/or technolog-
ical objective. The following are the general evaluation criteria considered:

* Scientific, applications, and/or technological merit of the investigation

* Relevance of the proposed investigation to stated scientific, applications, and/or
technological objectives

* Competence and experience of the investigator and any investigative team, as
an indication of the investigator’s ability to successfully carry out the investiga-
tion

* Adequacy of technique or apparatus proposed, with particular regard to its
ability to supply the data needed for the investigation

* Reputation and interest of the investigator’s institution, as measured by the
willingness of the institution to provide the support necessary to ensure the
satisfactory completion of the investigation

* Cost and management aspects, to be considered in all selections.

In addition to or in lieu of the criteria listed above, additional criteria may be used.
In all cases, the evaluation criteria must be germane to the accomplishment of the
stated objectives.

Applications Research Criteria

All applications research proposals, regardless of category, will first be judged
according to the basic evaluation criteria for “scientific” proposals as outlined above.
In addition to the scientific criteria, each proposal will be rated according to the
following applications-oriented criteria:

* NASA objectives and programs—Does the proposed R&D forward the goals and

objectives of the agency?

* Timeliness—When the research is completed, will the resultant application
technique and/or model be useful? Will there be a great need for the application?

Multiple useful results — is there flexibility, adaptability, and diversity in potential
applications of the resultant technique and/or model?

Availability of data—Will the data required for successful completion of the re-
search be available? Does the proposer understand what data will be required?

Reasonable return on investment—Will the new transferred technology be able to
be used economically?

Readiness of science—TIs the state of the science in associated fields able to support
the proposed technology and/or model?

Existence of a need—Is there a defined need for the enhanced service and/or
product? Will there be a long-term requirement for the resultant service and/or
product? Does the new service and/or product serve an important national need?

Entrance capabilities—Does the new capability, service, or product represent a
significant technological step forward?
Phased program—Is the proper review structure in place to allow for successful

design and implementation of the program? Are there practical and important
intermediate milestones and go/no-go decision points?

Final Criteria
Public Domain Applications

The final evaluation criteria for public domain applications proposéls center on
the soundness of the proposed transfer plan. The following are key criteria:

* Well thought-out transfer plan—Does the proposal include the recipients from the
beginning through to the completion of the program?
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* Defined recipient community—Are the recipients of the transferred technology
and/or models clearly identified? ‘

* Technologically sophisticated recipients—Are the recipients of the transferred
technology and/or model able to apply the research results economically?

Commercial Joint Venture Applications

For commercial joint venture applications proposals, the final evaluation criteria
focus on the soundness of the proposal’s business plan for providing new or enhanced
services and/or products resulting from the research project. Important criteria would
include the following:

* Commercialization—Is the resultant enhanced service and/or products consistent
with the goals of the commercialization of space?

o Conflict of interest—Is there an issue of unfair commercial advantage in the market
that needs to be addressed and resolved?

* Operational viability—Is there a market and marketing plan that would be attrac-
tive to industry? Factors might include a method of sharing risks, the interaction
of cooperation and competition, and the potential to create new industries.
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Conclusion

'I:ne proposed Applications Strategy fos-
ters and encourages use of space data to resolve a myriad of practical problems
affecting mankind’s survival on Earth, as well as to provide help with the daily
decisions affecting individuals’ livelihood in many fields. It is a flexible approach
“that will start serving users quickly, yet can change and grow to meet challenges of
the future as we discover new applications not yet dreamt of.

- This strategy takes an integrated and balanced approach, addressing the different
needs of users in all Earth-observation fields. It offers the chance to acquire knowledge
important for both science and applications and is coherent with the new multidis-

_ciplinary global approach to understanding the Earth. This strategy forges a link
between NASA'’s extraordinary research skills and capabilities and those who need
this expertise, both for routine system operations and for use by individuals possess-
ing all levels of sophistication.

Thanks to years of superb research and engineering development by NASA, the
United States harbors the most advanced space technology in the world. We need
to bridge the widening gap between our technological capability and the practical
uses we make of it. This Applications Strategy will help NASA to promote the use
of space-based data both for economic gain and for the improved welfare of mankind.
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Appendix A
Summary of NASA
Science Program

N ASA’s Earth Science and Applications

Division (ESAD) operates a science-driven program; its primary overall goal is to
investigate and understand the Earth as a system from its interior through the mag-
netosphere. NASA carries out general research and development and promotes
civilian satellite technology, with congressionally mandated responsibility for Earth
Science research missions from space, including those of broad scientific scope. The
Division’s research is aimed at advancing our knowledge of land, atmospheric,
oceanic, and biospheric processes in order to understand our environment and ulti-
mately to predict global change induced either naturally or by human activity.

The scientific advances occurring through satellite remote sensing are inextricably
linked with practical applications. Basic science research, with its advanced concept
studies, development of algorithms and models, and in situ tests and demonstrations,
provides the basis for the outgrowth and spinoff of an essentially limitless number
of potential applications. For example, the canopy yield models so crucial for climate
prediction also can be of benefit for forecasting crop production, estimating forest
yield, and eventually for assessing the animal/human carrying capacity of vulnerable
land environments.

ESAD Research Programs

Research and technology developments carried out by the various ESAD branches
offer a wide and extensive range of potential applications for users in industry,
government, or universities, as well as for the operational community. The discipline
branches consist of Geodynamics, Land Processes, Oceanic Processes, Atmospheric
Dynamics and Radiation, Atmospheric Chemistry, including research programs on
the upper atmosphere and troposphere, and Space Plasma Physics. Types of potential
applications vary, depending on the scope and mandate for activities within each
particular branch. The following descriptions provide a general overview of the
branches and of some existing and potential areas of application.

Geodynamics

The Geodynamics Program goal is to understand the dynamics of the solid Earth,
particularly the processes that result in movement and deformation of the tectonic
plates, and to improve measurements of the Earth’s rotational dynamics and its
gravity and magnetic fields. This is a science program, with applications occurring
primarily as a spinoff. The program’s major application lies in the area of earthquake
prediction: remote sensors are becoming exquisitely accurate in their ability to mea-
sure large-scale surface motion. The Crustal Dynamics Program measures the de-
velopment and release of strain on a regional scale, specifically within the California
earthquake zone. Ocean floor structure is also being studied using radar altimetry
data.

Techniques used include satellite laser ranging (SLR) and Very Long Baseline
Interferometry (VLBI), with a goal of achieving % to 1 cm per year measurement
accuracy instead of the current 2-3 cm accuracy. As equipment reaches an operational
stage, it is turned over to other Federal agencies (e.g., mobile VLBI facilities have
been transferred to the NOAA National Geodetic Survey). NASA works extensively’
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with the U.S. Geological. Survey (USGS), the Federal Emergency Management
Agency, the Department of Defense, Defense Mapping Agency, NOAA, and the
National Science Foundation. A major future effort now being planned, called the
Geopotential Research Mission (GRM), will provide an accurate gravity field for the
Earth. The International Geomagnetic Reference Field (IGRF) is based on NASA
Magsat measurements, and future IGRF revisions will result from the proposed GRM
and Magnetic Field Explorer. ' :

Land Processes

One fundamental goal for this program is to establish the relationship between
Earth surface properties and remotely sensed parameters. Program components in-
clude Terrestrial Ecosystems, Hydrology, Geology, and basic remote-sensing science.
Among the relationships being investigated are vegetation productivity as measured
by optical instruments, silicate abundance (clays) by thermal infrared measurements,
surface mineralogy from near infrared instruments, and the development of vegeta-
tion canopy models based on microwave measurements. Current research activities
include monitoring of the African drought, studies of bioproductivity and land cover,
interannual variations in productivity linked to the carbon dioxide cycle, and acid
stress assessment in forests of Germany and Vermont.

From the applications standpoint, the Land Processes Program is expected to
improve existing techniques for mapping land surface features, vegetation, and struc-
ture, and for inferring the presence of subsurface water reserves and deposits of
minerals, oil, and gas. Remote-sensing technology can be significant for detecting
and managing many land, water, and mineral resources on a worldwide scale, includ-
ing crop monitoring, forest range and watershed management, land use planning,
and wetlands productivity. These renewable and nonrenewable resources are crucial
for the quality of life on Earth, because they determine the natural carrying capacity
of the land, agricultural potential, urban growth limits, fuel and mineral production,
and ecosystem balance.

The program utilizes both airborne and shuttle platforms as a means of testing
designs and improving the measurement capabilities of potential satellite sensors.
Planned shuttle experiments and current airborne sensors include the Shuttle Imaging
Radar (SIR-C), Shuttle Imaging Spectrometer Experiment, Landsat Thematic Mapper
(TM) and Multispectral Scanner (MSS), Airborne Imaging Spectrometer (AIS), Ther-
mal Infrared Multispectral Scanner (TIMS), Advanced Solid-State Array Sensor
(ASAS), L-Band Pushbroom Microwave Radiometer, Airborne LIDAR, and the Air-
borne Laser Topographic Profiler. The NASA Land Program coordinates with the
Department of Agriculture, USGS, and other national agencies and maintains a
leadership role, including the conducting of field experiments, for the International
Satellite Land Surface Climatology Project (ISLSCP).

A current effort supports intercalibration ‘of Landsat, AVHRR, and SPOT data,
which will greatly enhance space-based land science research involving diverse tem--
poral and spatial scales. NASA is also working with EOSAT to identify useful infrared
and visible band measurements for a future Landsat-type mission. An important
future plan involves coordination of all NASA pilot land data systems to permit
convenient and standardized access for multidisciplinary research.

Oceanic Processes

The goal of the Oceanic Processes Program is the development, evaluation, and
application of spaceborne observing techniques to advance the understanding of the
fundamental behavior of the oceans, as well as to assist users with the use of oper-
ational systems. Strong emphasis goes to development of spacecraft and sensors in
this relatively new field for remote sensing. Program components consist of Physical
Oceanography, Biological Productivity, and Polar Oceans Processes.

The branch maintains close working relationships with operational oceanog-
raphers, particularly the Navy. This allows NASA to derive scientific benefit from
programs funded by the Navy, as well as meeting the Navy’s need for scientific
support from NASA. Seasat ocean monitoring techniques have been transferred to
NOAA and to potential users in private industry. Oceanographic remote sensing
serves a diverse applications community of both public and private interests. The
technology is useful for polar ocean/ice operations, forecasting and monitoring of
ocean conditions and weather, mapping of off-shore oil platforms, and management
of fishery production and operations.

Seasat (1978), the first satellite exclusively devoted to remote sensing for ocean-
ographic research, provided measurements of wind speed, wave height, and sea
surface temperature. Primary spaceborne measurements currently used are ocean

N
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color (productivity) from the Nimbus-7 Coastal Zone Color Scanner (CZCS), sea
surface temperature from the NOAA Advanced Very High Resolution Radiometer
(AVHRR), sea surface roughness and topography from satellite scatterometers and
altimeters, and sea-ice cover and motion from microwave radiometers and synthetic
aperture radar (SAR). An Alaskan SAR facility is now under development.

A major future event will be the launch of the Ocean Topography Experiment
(TOPEX/POSEIDON), a dedicated altimeter mission to be conducted jointly with the
French Space Agency (CNES), in conjunction with NASA'’s scatterometer (NSCAT)
planned to fly in the early 1990s. This 3-year mission will map the circulation of the
world’s oceans from detailed measurements of sea surface topography. Combined
with ocean surface winds to be measured by NSCAT, TOPEX/POSEIDON will for
the first time provide the global description of ocean circulation needed for improved
climate prediction.

NASA is also proposing a new ocean color instrument, which would contribute
significantly to our understanding of ocean productivity. The modeling of ocean
productivity is expected to start by the early 1990s. During 1986, NASA’s pilot Ocean
Data System (NODS) became an ocean science support facilify. This distributed
NASA system will contain a prototype data archive with a network of links to outside
users.

- Atmospheric Dynamics and Radiation

This program seeks to improve our current understanding of atmospheric dynamics
on a global (1-14 days and 50-10,000 km distances) to mesoscale (a few hours and
10-200 km distances). An additional component, the Climate Research Program,
deals with extended time intervals ranging from weeks to decades on a regional to
global scale. This core research/analysis effort focuses on problems in the atmosphere
addressable by space technology and currently supports nearly 450 studies concerned
with space-based research. This balanced atmospheric program to develop advanced
remote-sensing systems includes laboratory and field measurements, airborne and
balloon concept testing, conceptual studies, and development of algorithms, data
processing techniques, and atmospheric models.

Technology developed through NASA-sponsored atmospheric research has led to
major improvements in weather forecasts. News reports can now routinely report
3- to 5-day forecasts, impossible only a few years ago. The Atmospheric Dynamics
and Radiation Program works closely with the operational community, particularly
the NOAA National Weather Service (NWS) and the National Environmental Satellite,
Data, and Information Service (NESDIS). Improved weather forecasts on a global,
regional, and local scale offer innumerable practical applications, from hurricane or
flood warnings to prevention of freezing in fruit orchards to timing of crop harvests.
Examples of specific applications from the research program include the transfer of
radiation software to NOAA/NWS for use in their national weather prediction model,

- the incorporation of numerical inversion techniques into the NOAA temperature/
moisture retrieval process, and the incorporation of an ocean surface wave-height
model into the NOAA wave-height forecast. NASA research in developing algorithms
and data processing techniques has also contributed significantly to forecast improve-
ments.

In focused support of applications research, NASA participates in the Storm-Scale ’

Operational and Research Meteorology (STORM) project to be conducted from 1985
to 2000. The STORM project seeks to increase understanding and development of
advanced techniques for improving storm weather predictions and warnings, and
uses intensive field data collection across the United States. Another interesting field
activity is the Microbursts in Severe Thunderstorms (MIST) project, which measures
and studies conditions causing the small-scale downdrafts that can affect airplanes
on landing or taking off.

The NASA Nimbus spacecraft provided much of the experimental foundation for
developing operational sensors now used by NOAA. Sensors supported by NASA,
now in operation, include infrared and microwave atmospheric sounders (HIRS and
MSU), and an imaging radiometer (AVHRR) on the NOAA polar-orbiting spacecraft
with its counterparts (VISSR, VAS) on the NOAA geosynchronous-orbiting space-
craft. NASA continues to support improvements in atmospheric sensors and is par-
ticipating in development of the next generation of advanced microwave sounding
units (AMSU). .

The Atmospherics Dynamics Program is now working to develop active remote-
sensing systems, making use of the very rapid advances occurring in laser and radar
technology. These offer great promise for extracting information not available through
passive sensing instruments, whose capabilities are now stretched close to their
theoretical limits. Instruments under development or study include Light Detection
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and Ranging (LIDAR) instruments for wind measurements; a satellite radar instru-
ment for measuring direct precipitation; a day/night lightning mapper; and an experi-
mental sensor on the GOES-Next spacecraft that would permit the relating of lightning
discharge rates to precipitation rates and to storm development processes, including
measurement of storm severity.

Atmospheric Chemistry (Upper Atmosphere/Troposphere)

The Atmospheric Chemistry Program is a large, comprehensive research program,
with NASA playing a leadership role as mandated by Congress under the Clean Air
Act of 1976 and the FY 1976 NASA Authorization Act, which modified the Space
Act of 1958. This research program seeks to improve current knowledge of the
fundamental physics, chemistry, and transport processes from the ground to 80 km,

including the troposphere, stratosphere, and mesosphere. It also seeks to assessas -

accurately as possible the perturbations to the atmosphere, particularly the ozone
layer, caused by man’s activities. Current studies are looking at the combined effects
of continued increases in the atmospheric concentrations of chlorofluorocarbons,
carbon monoxide, carbon dioxide, methane, nitrous oxide, and the nitrogen oxides.

The Tropospheric Chemistry Program aims to understand the chemical cycles that
control the composition of the troposphere and to assess how susceptible the global
atmosphere may be to chemical change. Tropospheric chemical changes can affect
global hydrological processes, the cycling of nutrient compounds, the accumulation
of infrared active gases in the atmosphere, rain and snow acidity, and the rate of
ozone depletion in the stratosphere and mesosphere caused by man-made chemicals.

Although the Atmospheric Chemistry Program appears to be directed toward a
specific application (ozone depletion, including the “greenhouse effect”), a very
broad program of basic science is actually required. Unlike many applications, which
seem fundamentally local in nature, the ozone problem concerns a specific application
on a global scale. It is a balanced research program consisting of field measurements,
laboratory studies, theoretical studies, and data interpretation, with heavy emphasis
on development of two- and three-dimensional models of the atmosphere. A large
atmospheric chemistry field experiment was recently completed over the Amazon
tropical rain forest, and in 1986 a major field experiment was made on several species
in the nitrogen family.

A variety of in situ and remote-sensing techniques are used to determine the
distribution of ozone and other trace species in the atmosphere. Data sets from
satellites now generally available to users include Nimbus-4, -6, and -7; the Solar
Mesospheric Explorer (SME); Stratospheric Aerosol and Gas Experiment (SAGE);
and NOAA and Department of Defense satellites. Improved instruments are needed
with sensitivity in the parts per trillion and quadrillion range to measure gases and
trace species in the troposphere.

Shuttle payloads, both flown and planned, contribute significantly to our under- .

standing of the chemical composition and dynamics of the Earth’s atmosphere. The
Upper Atmosphere Research Satellite (UARS), scheduled for launch in 1991, will
measure solar ultraviolet and energetic particle input to the atmosphere and re-
radiated x-rays. It will also measure the altitude density profiles for many chemical
species and determine winds by direct observation at altitudes of 10 to 100 kilometers.

Direct NASA Applications Activities

Scientific research carried out by ESAD programs results in an extremely diverse
range of potential applications for Federal agencies, the private/commercial sectors,
other nations, and international entities. Transfer of technology can occur through
a variety of methods. Ways in which NASA transfers research to operational and
applications users include the following:

« Support of applications research by universities and other groups through the
research program of the ESAD disciplines. -

» Development and transfer of sensor and spacecraft technology to NOAA’s op-
erational satellite program for weather forecasting, international search and res-
cue missions, and other purposes. Spacecraft supported by NASA have included
TIROS/NOAA, GOES, and Landsat.

» Cooperation with the U.S. Navy in the development and transfer of space
technology. An example is NASA's transfer of data processing and interpretive
techniques for the Seasat Scanning Multichannel Microwave Radiometer
(SMMR) to the Oceanographic Numerical Fleet Command.

« Support for technology transfer programs of international agencies. An example
is NASA’s cooperation with the U.S. Agency for International Development
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(AID) to assist Bangladesh with an improved space-based system for monitoring
and predicting local weather and crop resources.

Cooperative agreements with the international community, particularly through
the United Nations. For improving access and management of globally distri-
buted data about Earth resources, NASA supports a pilot project to develop a
Global Resources Information Data Base (GRID), comiprising a distributed ar-
chive, data base, and data processing facilities linked by the Intelsat Communi-
cations Satellite System.

Cooperation in international Earth science research programs. Currently, NASA
has an extensive role in the international Crustal Dynamics Project; the World
Ozone Program; the Global Environment Monitoring System (GEMS); and the
World Climate Research Program, comprised of the Tropical Ocean Global At-
mosphere Program (TOGA), the International Satellite Cloud Climatology Proj-
ect (ISCCP), and the International Satellite Land ‘Surface Climatology Project
(ISLSCP). Projects in the planning stage include the World Ocean Circulation
Experiment (WOCE), the International Geosphere-Biosphere (or Global Change)
Program (IGBP), Global Ocean Flux Study (GOFS), and the Global Tropospheric
Chemistry Program (GTCP).

The names of these international research programs alone suggest why a precise
* demarcation between pure Earth science research and its applications is so difficult.
Clearly, scientific research on both global climate and atmospheric ozone have a
direct, crucial bearing on the quality of life on Earth, including our capacity to feed
global populations and our ability to predict and shape changes caused by mankind
in the life-sustaining atmosphere.

Commercialization of Space Technology

" How the commercial sector in the United States can achieve maximum benefit
from our advanced remote-sensing technology is a topic now being carefully analyzed
by Congress, the Executive Branch, Federal agencies, and private concerns. NASA
is strongly committed to the transfer of remote-sensing technology to the private
sector and is currently involved in the following activities:

* Discussions with the Earth Observation Satellite Company (EOSAT), which is
now operating the Landsat system, in order to define the role of NASA with
regard to EOSAT and its technological research needs;

* Assisting Congressional staffs in their review of the Landsat legislation, which
initiated the commercial approach to remote sensing, by 1dent1fymg issues and
possible modifications to the legislation;

* Developing a relationship with the Space Remote Sensing Center at the Institute
for Technical Development in Bay St. Louis, Mississippi, a new entity funded
by NASA's Office of Commercial Programs to ensure compatible and consistent
approaches to the private sector;

* Initiating the sale of experimental data to the private sector through a competitive
process, exemplified by the award of Large Format Camera data sale rights to
a private company as required under Public Law 98-365;

¢ Developing, with other Federal agencies, a national plan for commercial remote

sensing as the second in a series of biannual reports to Congress on the current
status of remote-sensing research and development; °

. Developing, with the sponsorship of the SAAC Subcommittee on Remote Sens-
ing, a viable, practical approach for NASA apphcatlons research over the coming
decade.
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Appendix B
Definition
of Terms

T: facilitate a common base of under-

standing, the following terms are defined:

Remote-Sensing Technology: Any one or all of a set of capabilities that facilitates
the acquisition and utilization of remotely sensed data. Includes sensors and plat-
forms, data handling systems, ground truth and data interpretation techniques,
processing algorithms, and scientific models.

Earth Remote-Sensing Applications: The use of remote-sensing technology to meet
the mission objectives of public entities or the objectives of the private sector. Incor-
porates remotely acquired data as one element in an effective solution to a problem
that often requires critical and/or immediate information about the Earth and its
environment, frequently in the context of a local geographic area. May have im-
mediate or potential commercial value.

Technology Transfer: The transfer of remote-sensing technology, developed specific
to an application, from the office that developed the technology to user organizations.
Generally considered complete when utilization occurs in an operational mode.

Information System: A comprehensive, computer-based capability that facilitates
data organization and access, archiving, processing and analysis, and retrieval and
distribution for space- and ground-based Earth data.

Subsystem: One of a series of components that combine to perform the system
function.

Demonstration: An activity or project to verify and validate with a potential user
the capability and utilities of a limited research system for performing an application
function.

Operational: ~An operational system exists outside the research arena and is usually
controlled and managed by government or industry, with requirements, decisions,
and priorities based on the needs of the marketplace; it is characterized by continuity
and routineness of data; the system and its data are repetitive (not one of a kind) ,
reliable, well-characterized, standardized, stable (changing only after careful consid-
eration), and timely in delivery of the product.
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Appendix C
Methodology

Introduction

This section outlines the process used to develop the applications strategy. It is
intended as a guide for planning complex tasks, which require the need for a consen-
sus from multidiscipline constituents and have a short time frame in which to produce
meaningful direction. :

This strategy was developed under the sponsorship of the NASA Earth Science
Applications Division and the Remote-Sensing Subcommittee of the Space Applica-
tions Advisory Committee with the assistance of 24 senior scientific, academic, and
business professionals knowledgeable in remote-sensing technology and its applica-
tions, and familiar with the remote-sensing user community.

In developing the strategy, extensive consideration was given to the logic and
design of a planning process that would ensure that (1) both long-range direction
and near-term milestones and success indicators were produced and (2) involvement
and consensus by the remote-sensing community on these goals and objectives were
achieved. This demanded a structured planning process and interdisciplinary prob-
lem solving.

Structured Approach

Generating broad, long-range goals was the first step in developing the strategy.
These. goals provided the ultimate direction and framework for defining near-term
applications research objectives. As important as defining the goal was the need to
gain agreement on the underlying assumptions about the future of remote sensing:
the environmental, political, and economic context. Together, the assumptions and
goal became the criteria for selecting the near-term objectives that would help direct
NASA'’s remote-sensing applications research over the next 10 years.

An important goal in this process was to tie the remote-sensing applications strategy
to major studies and reports developed since the Congressional mandate: “Earth
Observing System Data and Information System: A Report of the Eos Data Panel,”
“Earth System Science: A Program for Global Change,” and “Space-Based Remote
Sensing of the Earth and Its Atmosphere.” This meant stepping out of the pure
discipline approach to remote sensing and addressing multidisciplinary applications
problems. ‘

The remote-sensing technical advisors had to be familiar with the state of the
_science as well as be current in the applications needs of the remote-sensing user
community. The nature of the long-range goal (information systems) meant they
must keep one foot in their discipline areas and one in the arena of information
systems. They must produce the equivalent of a near-term remote sensing applica-
tions research agenda while defining users’ systems analysis requirements. Likewise,
the information systems experts must, in real time, become familiar with the remote-
sensing applications areas to extract the system requirements. Only then can they
define the information system architecture requirements.

The task of the workshop process became:

To assist the technical advisors’ work within a 10-year time frame on applications programs
that would further the development of integrated information systems.
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Figure C-1
Process Flow Diagram

Application
Objectives

Information
Subsystems

Four-Stage Development Process

To assist the advisors, this complex task was broken into four concrete stages that
are analogous to the development stages of an applications program. In addition,
the information system development process was defined and worked in parallel
and interactively with these applications stages. These stages are outlined in the
flow diagram in Figure C-1.

First, the applications objective was written according to specifications. Second,
measurement and model requirements were defined. These were the data and mea-
surement needs (in 6- to 12-month intervals) and the analytical requirements to move
the technology and achieve the objective. Third, the operational requirements iden-
tified the variety of social, economic, political, and operating environment factors in
which the application must eventually survive. At this point the original objective
was reviewed and modified to ensure its compatibility with the “real world.” Fourth,
the demonstration stage of the application capability was outlined, namely, the
mission success criteria. This ensured that the application objective was considered
in terms of what a final product should look like. Finally, a transfer process was
defined for each objective to identify what provisions were needed to transfer the
capability to a user.

The information system advisors assisted the applications advisors to define the
implications of their applications objectives for developing the information systems.
This included identifying data sources, interfaces, standard formatting requirements,
data rate, and accessibility, archiving, and catalog needs.

Once this systems analysis was drafted, architecture requirements could begin to
be defined and validated.

Mechanics of the Process

In developing this strategy, a highly structured consensus planning model was
used with emphasis on (1) clearly defining and communicating the task, operating
assumptions, and desired product and (2) managing the planning process to maximize
expertise and minimize frustration with the complexity of the task. This meant divid-
ing the task into concrete deliverables, defining and agreeing on terms of reference
and operating assumptions before the planning began, and structuring time to allow
quality small-group interaction and large-group review. To this end, meeting agendas
for all sessions were detailed and reviewed at the start of each session tq ensure that
expected outcomes and schedules were clear. Perhaps unique to this workshop was
the use of detailed worksheets to provide assistance in organizing each set of tasks
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and to ensure consistency of approach and product. In addition, for synergy, meeting
facilitators assisted each task team in the process of defining requirements, reporting
results, and managing conflict.

Support Materials and Briefings

Extensive briefing materials were provided to the technical advisors. These mater-
ials outlined the objective of the planning process, the desired outcome, definition
of terms, and goal-setting instructions. In addition, overviews of current science
programs, legislation, and executive policy provided background for planning. These
preworkshop materials and structured briefings were essential to the effective use
of limited time.

A Strategic Vision

79




Reference
List

Earth System Sciences Committee, NASA Advisory Council, “Earth System Science:
A Program for Global Change,” National Aeronautics and Space Administra-
tion, Washington, D.C., 1986.

Eos Data Panel, “Earth Observing System Data and Information System: Report of
the Eos Data Panel,” Volume Ila (Technical Memorandum 87777), National
Aeronautics and Space Admiinistration, Washington, D.C., 1986.

Kahle, A., Jet Propulsion Laboratory, California Institute of Technology, Pasadena,
California, 1985.

National Oceanic and Atmospheric Administration and National Aeronautics and
Space Administration, “Space-Based Remote Sensing of the Earth and its At-
mosphere,” Unpublished report, 1986.

Office of Technology Assessment, “Strategic Materials: Technologies for Reducing
U.S. Import Vulnerability,” U.S. Congress, U.S. Government Printing Office,
Washington, D.C., 1985.

Solar System Exploration Committee of the NASA Advisory Council, “Interplanetary
Exploration Through Year 2000,” National Aeronautics and Space Admnustra-
tion, Washington, D.C., 1983.

Space Applications Board, “Remote Sensing of the Earth From Space: A Program in
Crisis,” National Research Council, National Academy Press, Washington,
D.C., 1985.

U.S. Congress, Clean Air Act, 1976.

U.S. Congress, “National Aeronautics and Space Act of 1958 as Amended,” 85th
Cong., Public Law 85-568, 1958.

U.S. Congress, “Land Remote-Sensing Commercialization Act of 1984,” 98th Cong.,
Public Law 98-365, 1984.

Linking Remote-Sensing Technology and Global Needs:



Acronyms

AFGL Air Force Geophysics Laboratory

AFGWC Air Force Global Weather Central

AID Agency for International Development

AIS Airborne Imaging Spectrometer

AO Announcement of Opportunity

AMSU Advanced Microwave Sounding Unit

ARS Agriculture Research Service

AVHRR Advanced Very High Resolution Radiometer
CCSDS Consultative Committee on Space Data Standards
CEOS Committee on Earth Observations Satellites
CNES _French Space Agency

CZCSs Coastal Zone Color Scanner

DCP Data Collection Platform

DCS Data Collection System

DMSP Defense Meteorological Satellite Program
DOD Department of Defense

DOE Department of Energy

DOI Department of the Interior

EEZ Exclusive Economic Zone

Eos Earth Observing System

EOSAT Earth Observing Satellite Company

ERBS Earth Radiation Budget Satellite

ERL Environmental Research Laboratories

ERS-1 First Earth Remote-Sensing Satellite (ESA)
ERS-1 Earth Resources Satellite (Japan)

ESA European Space Agency

ESSC Earth System Sciences Committee

FNOC Fleet Numerical Oceanography Center
GARP Global Atmospheric Research Program
GDHS Ground Data Handling System

GDR Geophysical Data Record

Geosat Geodetic Satellite

GFDL Geophysical Fluid Dynamics Laboratory
GMS Geostationary Meteorological Satellite

GOES Geostationary Operational Experimental Satellite
GSFC Goddard Space Flight Center

GTS Global Telecommunications System

HIRIS High Resolution Infrared Imaging Spectrometer
HIRS High Resolution Infrared Sounder

INO Institute for Naval Oceanography

INSAT Indian National Satellite

JHUAPL Johns Hopkins University Applied Physics Laboratory
JIC Joint Ice Center

JPL Jet Propulsion Laboratory

Landsat Land Remote Sensing Satellite

MCSST Multichannel Sea Surface Temperature
Meteosat Meteorological Satellite
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Minerals Management Service

Moderate Resolution Imaging Spectrométer
Marine Observation Satellite (Japan)
Multispectral Scanner

Microwave ,

National Aeronautics and Space Administration
National Center for Atmospheric Research
National Climate Data Center

National Environmental Data Referral Service
National Environmental Satellite, Data, and Information Service
National Meteorological Center

National Oceanic and Atmospheric Administration

National Oceanographic Data Center

NASA Ocean Data System

Navy Remote Ocean Sensing System

NASA Scatterometer

National Weather Service

Ocean Products Center

Office of Space Science and Applications

Ocean Prediction Through Observation, Modeling, and Analysis
Panchromatic (SPOT)

Polar-orbiting Operational Environmental Satellite

Program Support Communication Network

Stratospheric Aerosol and Gas Experiment

Synthetic Aperture Radar

Soil Conservation Service

Shipborne Environmental (Data) Acquisition Systems

Sea Satellite

Satellite Laser Ranging

Space Physics Analysis Network

Systeme Probatoire d’Observation de la Terre (France)
Special Sensor Microwave Imager

Synoptic Ocean Prediction

Thermal Infrared Multispectral Scanner

Thermal Infrared

Thematic Mapper (Landsat)

Tropical Ocean Global Atmosphere Program

Ocean Topography Experiment

Upper Atmosphere Research Satellite

University Corporation for Atmospheric Research
University Research Initiative Program

United States Department of Agriculture

United States Air Force

United States Geological Survey

Universal Soil Loss Equation

Visible Near Infrared/Shortwave Infrared

World Meteorological Organization

World Ocean Circulation Experiment

World Weather Watch

Multispectral Scanner (SPOT)
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